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PREFACE 


The present study is about a further development of the 
control of learning processes presented in Theoretical Prob- 
lems of Programmed Instruction.'! This was concerned with 
an analysis of the principles of a general theory of control 
that must be taken into account in designing programmed 
instruction procedures. The present study emphasizes the 
analysis of psychological theories of learning that are in- 
tended to clarify the specific principles that govern the pro- 
cess of human learning. Particular attention is given to the 
evaluation of the ability of such a theory to make it pos- 
sible to relate cybernetics to the control of learning pro- 
cesses. 

Three conceptions are examined: the stage-by-stage de- 
velopment of mental actions, behaviourism, and the asso- 
ciationist-conditioned reflexes theory. In addition, certain 
findings derived from experimental studies are presented 
that are based on P. Ya. Galperin’s theory of a stage-by- 
stage development of mental actions which provides, in our 
view, the most adequate psychological foundation for guid- 
ing the learning process. In particular, possibilities for 
guiding the assimilation of scientific concepts are shown 
as well as similar possibilities for consolidating knowledge- 
acquisition procedures. 

This selection of theories is prompted by the actual state 
of affairs: at the present time they represent the principal 
approaches to learning in psychological science, which have 
been reflected in the area of programmed instruction. 


1N. F. Talyzina, Teoreticheskiye problemy programmirovannogo 
obucheniya (Theoretical Problems of Programmed Instruction), 
Moscow State University Press, 1969. 
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The cybernetic conceptions that are needed of analyze 
psychological theories of learning and to understand the ap- 
proach to the programming of the knowledge-assimilation 
process that is proposed are presented in the first chapter, 
which links the present study to our preceding work. 

We are aware of the incomplete nature of the conception 
of programmed instruction that we are proposing, and of 
the debatable character of certain propositions. Nevertheless, 
we hope that this work will play a constructive role in 
drawing attention to a psychological theory of learning as 
one of the major theoretical elements of programmed in- 
struction. 

This study is addressed both to specialists in the theory 
of instruction and to practitioners who are interested in 
problems of programmed instruction and are seeking to in- 
troduce the achievements of psychology and pedagogics into 
the teaching-learning process. It may also serve as a text 
for post-graduate students in studying the foundations of 
the teaching-learning process in post-secondary schools, as 
well as for students of psychology following courses in edu- 
cational psychology. 

It is with pleasure that I express my gratitude to my 
teacher, Professor P. Ya. Galperin, on whose ideas the pres- 
ent study is based, as well as to Professor N. F. Dobrynin, 


Professor|F. F. Korolyov,| Professor A. N. Leontiev, Profes- 


sor D. B. Elkonin and other associates who have read this 
study at various stages and have contributed important com- 
ments and valuable suggestions. 

I also wish to express my gratitude to colleagues who 
have contributed directly to the research activities that are 
described in this study, to discussions, and to the prepara- 
tion of the manuscript for publication. 


INTRODUCTION 


Scientific and technological progress has produced a num- 
ber of trends that may be found in all fields of social prac- 
tice. They include the application of science to practical 
activities, changes in the proportions of the various func- 
tions performed by man (an increasing liberation from 
operational activities and a growing role in managerial ac- 
tivities) and an increasing measure of automation as a 
growing number of new types of human activities are as- 
signed to machines. 

These trends may also be observed in the sphere of edu- 
cation. In particular, they underlie the conception of pro- 
grammed instruction. Indeed, the essence of the idea of 
programmed instruction proposed by B. F. Skinner is a call 
to increase the effectiveness of the activities that control 
the process of learning by making use of the findings of 
experimental psychology and of teaching machines (298; 
301).! To optimize the process that controls man’s learning 
activities is both the objective and the content of program- 
med instruction, while modern psychology and modern 
equipment constitute the required means. 

The functions of teachers have always included not mere- 
ly the communication of knowledge, but the control of 
its assimilation as well. The achievements of science and 
the technological revolution have created possibilities for 
raising such control activities to a level that is qualitatively 
new. But these factors have also confronted the practical 
activities associated with teaching with a need to increase 
the volume of knowledge and improve its quality, and to 
prepare students for a continuous education. This is not 


! References cited can be found under the indicated number in 
the list at the end of the book.—£d. 
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possible, however, without increasing the effectiveness of 
both the knowledge-acquisition control process and teaching- 
learning activities generally. 

Thus the very course of society’s historical development 
has not only led to the emergence of the idea of program- 
med instruction but has made possible its wide dissemina- 
tion. 

In selecting the most productive approach for developing 
that conception it is important both to analyze the relative 
importance of the several tendencies that it embodies and 
identify possibilities for its future development. 

The trends that are reflected in the idea of programmed 
instruction are objectively linked with each other and this 
must be taken into consideration in developing and intro- 
ducing programmed instruction. An optimal approach to the 
control of learning requires a comprehensive reliance on 
relevant scientific knowledge. In raising the level of con- 
trol of human learning it is not sufficient to rely on the 
achievements of experimental psychology alone. It is equal- 
ly important to rely on knowledge from other sciences and 
above all from cybernetics, which is the science of control 
processes. But cybernetics specifies only the general require- 
ments that bear on effective control. These cannot be 
applied without considering the distinguishing features of 
particular control processes. The further development of 
problems of programmed instruction must therefore also 
rely on the psychological and pedagogical sciences concerned 
with the specific properties of particular teaching-learn- 
ing processes, 

The development and implementation of programmed 
instruction will therefore be effective only if use is made of 
both a general theory of control and a psychological and 
pedagogical theory of learning. In this connection it is im- 
portant to recognize that in applying the relevant require- 
ments of cybernetics it is not only necessary to take into 
account the specific features that attach to the process of 
human learning but to do this in a manner that reflects 
the nature of that process. It is also possible that the spe- 
cific features attaching to the control of human learning 
are such that they require a partial revision and further 
elaboration of the concepts of cybernetics. 

At the same time a comparison of cybernetic require- 
ments with the current state of psychological and pedagog- 
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ical knowledge on the learning process serves to identify 
still unsolved psychological and pedagogical problems whose 
clarification is needed in order to develop an effective con- 
trol of the learning process. 

With regard to the automation of the teaching-learning 
process that is implied by programmed instruction in the 
context of mass teaching activities it should be emphasized 
that technical specifications relating to equipment follow 
from the characteristics of teaching programmes. But teach- 
ing programmes embodying scientific principles are them- 
selves designed in the light of a general theory of control 
and a general theory of learning. Ultimately, it is these 
fields that therefore define the specifications of appropriate 
automated devices. 

The idea of programmed instruction is thus concerned 
with increasing the effectiveness of processes that guide 
learning by relying on modern knowledge of control proces- 
ses and on knowledge of the specific characteristics of the 
learning process as well as on the support of modern tech- 
nology. These aspects of programmed instruction may of 
course be considered more or less separately. But it is 
also necessary to recognize that they are interrelated and 
that a major role is played by modern scientific views of 
the principles that govern the learning process. Yet, an anal- 
ysis of the ways along which programmed instruction con- 
tinues to develop today shows, first, that its problems are 
usually being met without the help of an adequate scientific 
basis; second, that the technical equipment employed in 
programmed instruction is developed without considering 
the nature of the learning process; and finally, that in de- 
veloping individual aspects of the idea of programmed ins- 
truction its principal underlying idea, namely, optimizing 
the control of learning, is neglected. This produces new 
approaches whose scope exceeds that of programmed instruc- 
tion. 

The first of these facts, namely, an underestimation of 
an adequate scientific theory, is found in at least three ap- 
proaches to the development of programmed instruction: a 
one-sided psychological approach, a one-sided cybernetic 
approach, and an empirical approach. 

The one-sided psychological approach derives from 
B. F. Skinner, who is the founder of programmed instruction. 
With regard to the control of the learning process his sup- 
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porters rely exclusively on psychological theories, among 
which behaviourism is especially widespread in other coun- 
tries at the present time. It was Skinner who first used it as 
a scientific basis for the control of the learning process. 

Attempts are also being made to rely on the theory of 
Gestalt psychology. Until now, however, they have not pro- 
duced any noteworthy results. 

In our own country an increasing number of researchers 
have been turning to the theory of stage-by-stage develop- 
ment of mental actions proposed by Galperin in the early 
1950s that has since continued to be developed by his form- 
er students and disciples both at the theoretical level and 
experimentally. In addition proposals have been made to 
rely on an associationist-conditioned reflexes theory in design- 
ing instructional programmes. Its elements have been 
formulated by D. N. Bogoyavlensky, N. A. Menchinskaya 
and Yu. N. Samarin. 

The shortcomings of that approach derive from its neglect 
of the achievements of cybernetics, which is the science on 
the general principles of control, in an effort to optimize the 
control of the learning process. 

At the other extreme advocates of a one-sided cybernetic 
approach in guiding the process of learning tend to rely on 
cybernetics alone. Such an approach has become known as 
the cybernetic theory of education. Actually the correspond- 
ing studies include both studies in cybernetic education and 
in pedagogic cybernetics. 

The confusion of these two distinct sciences is harmful 
to the development of both. Cybernetic studies of the teach- 
ing-learning process are concerned with an analysis of 
instruction as a cybernetic system. Such studies are inevi- 
tably associated with a formalization of pedagogical phenom- 
ena and with abstraction from their specific contents. The 
process of instruction is a complex and specific form of 
control that may offer cybernetics itself new principles of 
behaviour. Because they are abstracted from the process of 
instruction, they may lead to the formulation of additional 
conditions that are important in regulating particular types 
of processes. That such studies are justified and important 
from the point of view of cybernetics is evident. But when 
they are carried out under the name of research in cyber- 
netic pedagogics, i.e., as studies in education, this produces 
a justified protest among many representatives of pedagog- 
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ica: science. In particular, they see in a formalization of 
the reality of the pedagogical process the danger that their 
science will lose its ideological content and its specific 
characteristics. Frequently, however, that protest is directed 
against any reliance of the theory of education on cyber- 
netics. It is therefore important not to confuse these dis- 
tinct scientific approaches. 

Another consequence of such one-sided overemphasis on 
a cybernetic approach and of a neglect of psychological 
theories of learning frequently is a tendency to apply to 
the educational process characteristics of other less complex 
processes. In particular, principles that are relevant to the 
regulation of technological systems may be applied to the 
control of learning processes. 

Empirical approaches to developing and introducing pro- 
grammed instruction are especially widespread. These neg- 
lect both cybernetic and psychological theories. Both the 
development of programmed instruction procedures and re- 
solvement of problems associated with their implementation 
then merely rely on general pedagogical experience and 
common sense. At best only individual elements of cyber- 
netics and of psychological science are then employed. 

The unproductive character of empirical approaches has 
now been shown by experience: more than 15 years of 
work have not produced any significant advances in rela- 
tion to any major problem of programmed instruction. 

The second characteristic in the development of the ideas 
of programmed instruction that we have mentioned, namely, 
isolated studies of technological equipment that may be 
employed in instruction, has produced numerous teaching 
devices that do not conform to the nature of the knowledge- 
assimilation process. This has led to situations in which it 
is not the requirements of the learning process that define 
the technical specifications of equipment, but rather the 
reverse, that is in which the learning is adapted to the 
technical capacities of machines. 

While an automation of the functions of a teacher may 
reduce the need for his services it is by no means always 
true that it will enhance the quality of the resulting con- 
trol of the knowledge-assimilation process. Technical de- 
signs of teaching devices that ignore both the psycholog- 
ical and pedagogical foundations of the teaching-learning 
process and the objective of programmed instruction, name- 
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ly, the enhancement of the control effectiveness of learn- 
ing processes, have rapidly produced a situation in which 
such an approach has begun to experience an autonomous 
development without regard for programmed instruction it- 
self. This has placed a major emphasis on the development 
of control devices concerned with automating the adminis- 
tration of various types of examination. More recently there 
has been an intensive development of educational films 
and television. They are intended to either replace or else 
supplement teachers as the source of new knowledge. 

Like many other types of equipment for automating the 
teaching-learning process, these devices do not improve the 
form of control that is employed. Since the emergence of 
the idea of programmed instruction allowed an intensive 
development and application of technical means in educa- 
tion, all forms of automation of teaching generally continue 
to be associated with programmed instruction and are fre- 
quently identified with it. 

It should be recognized that in fact such a confusion of 
programmed instruction with automation is harmful as well 
as misleading. In particular, it has inhibited the further de- 
velopment of that important idea, whose emergence is en- 
tirely natural. The automation of individual functions of 
the teaching process has not in fact produced an improve- 
ment in the quality in the process of knowledge assimi- 
lation. Moreover, the use of technical means that do not 
meet the specifications of the teaching-learning process 
have led to a deterioration in its quality, and this has nat- 
urally caused disenchantment among practitioners. But 
such a disenchantment with the effectiveness of the equip- 
ment has also created an unjustified disenchantment with 
programmed instruction itself and today many specialists 
in the field of education as well as many practizing teach- 
ers hold the view that programmed instruction has not 
justified the hopes that it had aroused and that its time 
has passed. Unfortunately that view is also shared by the 
editorial boards of a number of journals in the field of edu- 
cation. 

Still another branch of knowledge that has originated 
in programmed instruction concerns the scientific organiza- 
tion of labour activities in the field of education. Even 
more than does programmed instruction itself that branch 
reflects a trend towards applying science to practical activ- 
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ities. For programmed instruction is only concerned with 
providing scientifically grounded forms of control with re- 
gard to the learning process, without concerning itself with 
such problems as the nature of learning objectives under 
conditions of progress in science and technology, the prin- 
ciples that bear on the design of courses, the time budgets and 
assignment norms of various learning activities that call for 
a more general reliance on scientific knowledge. In such a 
context programmed instruction, which is concerned with a 
development of scientifically grounded principles of control 
of the learning process is only part of the wider problem of 
scientifically based teaching-learning process. 

Finally, the idea of programmed instruction has produced 
a branch of knowledge whose objective is to optimize the 
control of the overall education and training process and 
first, an optimization of its administration. 

Even though both groups of researchers are concerned 
with the control of the teaching-learning processes, differ- 
ent control systems concerned with distinct control objects 
are in fact being considered. In the case of programmed 
instruction the object of regulation is the process of learn- 
ing itself. In the case of the control of administrative pro- 
cesses, on the other hand, it is a group of students—either 
in particular courses or in a wider sense. In both cases 
the organization of effective control must meet a system of 
common requirements inferred from the general theory of 
control but its implementation is subject to the different 
specific principles in each case that govern the control of 
the corresponding process (object). 

Thus, trends originating in scientific and technological 
progress have reached the sphere of education through the 
idea of programmed instruction. Very soon, however, they 
began to follow an autonomous course of development, lost 
their initial reference to problems of programmed instruc- 
tion, and became autonomous branches of knowledge. 

While programmed instruction calls for research activ- 
ities in all of these branches, these must relate to the 
control of the learning process itself. 

In short, a successful development and introduction of 
programmed instruction may require that the following 
conditions be met: first, that these specific principles govern- 
ing the teaching-learning process that have been established 
in psychology and education theory be taken into account; 
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second, that the requirements and specifications of the gen- 
eral control theory be followed; and third, that automatic 
devices be employed, since knowledge assimilation cannot 
be controlled without their appliance under conditions of 
mass teaching activities. The further development of the 
idea of programmed instruction must thus include: a) the 
selection of a psychological theory of learning that meets 
most closely the characteristics that are specific to the hu- 
man learning process; b) the identification and realization 
of requirements of the learning process control that are 
inferred from a general theory of control; c) the design of 
a set of technical teaching devices that embody them. 
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Chapter One 


GENERAL PSYCHOLOGICAL 
AND CYBERNETIC ASPECTS 
OF INSTRUCTION 


As a branch of psychological science the theory of learn- 
ing must reflect the methodological principles of psychology 
that follow from the Marxist understanding of the psyche 
and from Marxist teachings on human consciousness. Soviet 
psychologists have recorded many successes in their long 
struggle for the use of Marxist methodology in their science. 
At present the principal task is to apply these princi- 
ples in a consistent manner to all specific theories associat- 
ed with individual branches of psychological science and to 
develop these principles to the stage at which they may be 
applied to concrete experimental activities. 

A second major task is to analyze in the light of these 
principles the knowledge that has been accumulated in 
this branch of psychology. But an equally important task 
concerns the rejection of unacceptable methodologies. Objec- 
tively, the idea of programmed instruction has posed such 
a threat: aside from formulating the idea of programmed 
instruction, B. F. Skinner has also developed a version of 
programmed instruction that is based on a_ behaviourist 
conception of human learning itself. Unfortunately, many 
advocates of programmed instruction fail to distinguish be- 
tween that general proposal and the specific approach that 
has been proposed for its implementation. A study of the 
practice of programmed instruction in our own country 
shows that it is not yet free of the influence of its American 
behaviourist version. In such a situation it is particularly 
important to recall the major stages in the development of 
the principles of Soviet psychology and also their specific 
contents. 
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§ i. The Emergence and Consolidation 
of the Principles of Soviet Psychology 


Following the October Revolution the task of a conscious 
and planned development of psychological science on the 
basis of Marxist philosophy was posed for the first time 
in history. On the one hand it was necessary to overcome 
subjectivism and phenomenalism in psychology as well as 
the separation of the psyche from the actual activities of 
persons operating as carriers of social relations. At the same 
time it was necessary to overcome a simplified mechanistic 
approach that was destructive for the specific properties 
of psychic phenomena and for scientific approaches to psy- 
chology. ° 

The first major step was taken by L. S. Vygotsky. Al- 
ready in his early studies he was able to show that the 
principal flaw in subjective idealistic psychology and refle- 
xology concerns the separation of the psyche from behav- 
iour (21). A separation of the psyche from behaviour inev- 
itably leads to a mechanistic approach to the analysis of 
behaviour and to a subjective idealism in understanding 
the psyche. In this connection Vygotsky observed that “just 
as there can be no behaviour without psyche, there is no 
psyche without behaviour” (22, p. 41). 

The principle that there exists an integral unity of psyche 
and activity, which was subsequently elaborated by a num- 
ber of Soviet psychologists and which is the major principle 
of Soviet psychology today was thus introduced through 
these works of Vygotsky. 

More specifically, Vygotsky noted that in order to under- 
stand psyche and consciousness it is necessary to move 
beyond their immediate sphere and consider the life of 
the individuals concerned under specific conditions of exist- 
ence. In his view the development of human consciousness 
is based on the development of the person’s practical re- 
lations to reality. But he did not assert that there exists 
a direct relation between the consciousness and practice 
of individuals. For he believed that the major element in 
the development of the human psyche is the assimilation of 
social experience. The formulation of a social and historical 
approach to human psychology was thus also contributed 
by Vygotsky (86). The cultural-historical theory that he 
subsequently developed (24; 25) in which he sought to ana- 
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lyze the specific properties of man’s psyche as an outcome 
of his societal life was a concrete embodiment of these 
propositions. 

Man’s labour activities are characterized by the use of 
instruments that mediate his relations to his conditions of 
existence. It is precisely this element of mediation that dis- 
tinguishes man’s interaction with the world from that of 
animals. 

That element of mediation, as a specific characteristic 
of the practical activities of human beings, has produced 
corresponding changes in their psyche: it, too, came to be 
mediated. It is signs (labels) that operate as mediating 
elements in man’s psychic processes. While externally di- 
rected means of labour produce changes in objects within 
his external environment internally directed signs play the 
role of instruments that produce changes in psychic prv- 
cesses. 

Initially signs are embodied in an external and material 
form, but subsequently they are internalized and become 
ideal. The basic system of signs mediating man’s psychic 
activities is provided by language. It, too, derives through 
a process of internalization: at first language is employed 
in communicating with other persons, but it is then em- 
ployed individually at the level of internal speech. 

Speech originated as a specifically social form of relations 
among persons and was brought into existence by their 
social practice. The specific characteristics that attach to 
man’s psyche thus derive not directly from human prac- 
tice but from the social relations among persons (speech) 
that develop on such a basis and form products of their 
culture (language). Hence the cultural-historical nature of 
human psyche (89). 

The role of such instruments—of signs—relates to their 
ability to alter the structure of the psychic processes that 
they mediate. In the opinion of Vygotsky this is their most 
important characteristic. Vygotsky shows that the develop- 
ment of mediated psychic structures leads to the appearance 
of new linkages among individual psychic functions and 
that this in turn leads to a restructuring of the functions 
themselves. Thus in order to understand the specific char- 
acteristics of individual psychic processes it is necessary 
to turn to an analysis of the structure of the overall system 
that they form. Consciousness, as Vygotsky points out, 
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possesses a systemic structure. In other words the element 
of mediation leads to the formation of new interfunctional 
relations rather than to changes in individual psychic func- 
tions. 

A systems-oriented approach to the analysis of the psy- 
che opens the way to an overcoming of functionalism and 
this, too, is an important task of Soviet psychology. Con- 
sciousness appears not as a sum of individual invariable 
psychic processes but as a dynamic system. 

The use of instruments—in the present case of signs—- 
permits man to control his behaviour and to control his 
psychic processes which are thus transformed from lower, 
natural, unmediated and reflexive forms into higher, social, 
mediated and willed forms. Thus, mediating instruments 
initially appear as external material elements that are em- 
ployed in relation to joint, collective activities in order to 
organize the behaviour of other persons. Gradually, they 
become internal and psychic, and are used individually in 
order to control one’s own behaviour and one’s own psyche. 

In the cultural-historical theory the close association of 
the psyche with external practical activities follows several 
lines of development. First, specific features of the practical 
activities of human beings emerge as determining clements 
in relation to the specific characteristics of their psyche. 
Second, the structure of the human psyche is viewed by 
analogy with the structure of his labour activities. Finally. 
mediated psychic functions emerge, first in the process of 
external joint activities. Speech and other instruments 
(signs) originally serve as their corresponding clements. 
“All higher psychic functions in a child’s development ap- 
pear on the scene twice: initially as a collective and social 
activity, i.e., as an interpsychic function, and the second 
time as an individual activity, as an internal method of 
thinking by the child, as an intra-psychic function” (26, 
p. 449). 

In seeking to acquire contro] over his behaviour and to 
regulate his psyche man initially sought the support of 
external objects. It is only later that he acquired the ca- 
pacity to do this internally on the basis of an external me- 
diation, seeking support in internal ideas that have become 
elements of psychic activity. 

Vygotsky considers psychic phenomena as the outcome 
of transformations of external, material phenomena only 
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in relation to mediating links, i.e., to “instruments”. Tho 
corresponding psychic processes which that “instrument” 
mediates, are not shown as _ transformations of external 
phenomena. At the theoretical level the recognition of a 
genetic relation between internal psychic forms of activily 
and external activities (as the basis for the former) is ex- 
tended in Vygotsky's work to the entire psyche. “Any high- 
er psychic function unavoidably passes through an exter- 
nal stage in its development” (28, p. 197). But it is im- 
portant to emphasize that in examining problems of inter- 
nalization he did not merely stress the transferring of ex- 
ternal behaviour internally (this had already frequently 
been noted earlier). For bim the major point concerned the 
transferring to the internal world of social experience. “lor 
us to say that a process is ‘external’ is equivalent to saying 
that it is ‘social’” (/bid.). In short, the process of inter- 
nalization makes it possible to show the social nature of 
man's psyche in concrete ways. Paraphrasing Marx's well- 
known proposition, Vygotsky wrote: ‘‘Man’s psychological 
nature represents an aggregate of social relations that have 
been transferred internally and that have become functions 
of personality and forms of structure” (/bid., pp. 198-99). 

Having established the foundations underlying the prin- 
ciple of the integral unily of external activilios and of the 
psyche as well as of an approach to man’s psyche as a 
phenomenon that is social by its very nature, Vygotsky was 
not able to follow them consistently in his concrete psy- 
chological studies and became a victim of the vory intellec- 
tualism that he opposed. In attributing a decisive role to 
instruments, Vygotsky has stated that these can carry out 
their functions only because they are always reflections of 
something and possess a specific meaning for man. This 
is true, he stated, of the utilization of both internal and 
external instruments. It then follows that the process lead- 
ing to the development of mediated psychic forms is in fact 
the process of development of meanings. Tn their most char- 
acteristic form meanings are represented by words. Tt fol- 
lows that one should (race the manner in’ which words 
acquire their meaning. But since Vygotsky did not see any 
difference between meanings and concepts, it was the pro- 
cess of the development of concepts that was subjected to 
experimental studies. Vygotsky sought in the development 
of concepts the major line of development of consciousness. 
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In his view it is the level of development of concepts in 
man that also determines the specific characteristics of the 
manner in which he reflects the world and_ possibilities 
for actively influencing it. As for the development of concepts 
this is conditioned by a child’s joint activities with adults 
who introduce him to ‘zones of potential development” (23). 

It is in this way that a real danger appeared in Vygotsky’s 
system that emphasis will be placed on communications as 
a factor determining the development of consciousness to- 
gether with a neglect of man’s practical relations with real- 
itv. For the child became not a subject interacting with the 
real world but merely a creature engaged in social commu- 
nication. Such an interpretation of the role of social com- 
ee carried the danger of intellectualism and idealism 
(36). 

The study of the role of mediating instruments in the 
development of man’s psyche thus expressed Vygotsky’s 
striving to carry consciousness beyond the boundary of a 
closed circle within the individual and to explain its essence 
in terms of external forces. But once it was separated from 
real activities and viewed autonomously the concept of a 
mediating instrument came to be overemphasized, and this 
led to a neglect of activities, to intellectualism, and to a 
closure of relations within consciousness itself. Meanings, 
which were viewed by Vygotsky as a unit of individual con- 
sciousness, came to play a determining role in the structure 
of the human psyche and in the level of its development. 

Yet, this resulted from an insufficiently consistent appli- 
cation of Vygotsky’s basic propositions to his cultural-histor- 
ical theory of the psyche rather than from the nature of 
these propositions themselves. 

There is no question concerning the validity of Vygotsky’s 
basic proposition relating to the determining role of man’s 
practical relationships to reality in psychic development. But 
instead of bringing out the role of labour activities as a 
specific type of activity linking man with the world in the 
development of the human psyche, Vygotsky studied only 
the role of instruments of labour. Yet, no matter how impor- 
tant they may be, instruments by themselves do not encom- 
pass the entire scope of labour activities. In particular, Vy- 
gotsky did not analyze the influence on the human psyche of 
new interpersonal relationships that develop in the course 
of their labour activities. Beyond this, while noting the 
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socio-historical nature of the human psyche, he sharply 
opposed natural psychic processes to social ones. In short, 
in considering the development of the human psyche he 
viewed social processes and natural processes as two dis- 
tinct spheres of psychological processes (89, p. 25). 

The subsequent criticism of the theory of the cultural- 
historical development of the psyche did not represent an 
abandonment by Soviet psychology of the problems to which 
that theory addressed itself and of the fundamental ways 
of resolving them proposed by Vygotsky. 

In particular, S. L. Rubinstein and A. N. Leontiev and 
his associates streamlined Vygotsky’s theory, gave a more 
detailed analysis of the relations that link the psyche to 
practical activities and further developed the principle of 
the social conditioning of the human psyche. 

Following the works of Marx, Rubinstein proposed to 
view human activity as the subject of psychology (138). 
Subsequently, this formulation was made more precise: 
psychology should study not activity itself but its psycho- 
logical characteristics (139). 

Still later, Rubinstein sought to make the definition even 
more precise. Yet that step towards “greater precision” in 
fact represented an abandonment of the view that human 
activities are the subject of psychology: “...a psychology 
that understands what it is doing, studies the psyche and 
only the psyche” (140). But this did not mark the end of 
studies of the role of human activities in the development 
and functioning of the psyche. On the contrary, Rubinstein 
stated the principle that the psyche and activity constitute 
an integral unity: “...as they are embodied in various types 
of concrete activities, psychic processes are shaped by these 
activities” (141). Yet specific relationships between activ- 
ities and the psyche were not identified either on a theo- 
retical level or at the level of experimental psychology. 
The problem of overcoming the ancient dualism between 
external practical activities and the psyche as an internal 
and ideal phenomenon was thus unresolved. In this con- 
nection, Vygotsky wrote (21): “Among subjective psychol- 
ogists we find a psyche without behaviour, while among 
reflexologists we find behaviour without psyche. But in both 
cases psyche and behaviour are not one but two [distinct 
phenomena].” The mere statement that the psvche and ac- 
tivities form an integral unity does not automatically cause 
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the two things to disappear. That requires that the sub- 
stance underlying their unity be identified. 

In our opinion that problem was solved by Leontiev. 
Following a critical analysis of Vygotsky's cultural-histor- 
ical theory his principal objection was the following: it 
is not concepts (and therefore not meaning, signs or instru- 
ments) but real activities linking organisms with their en- 
vironment that determine development both of overall con- 
sciousness and of individual psychic functions (83). 

Essentially, Leontiev approaches the psyche not as a phe- 
nomenon that accompanies the life of an organism, but as 
a process that realizes life. It is viewed not as some sub- 
jective addition to the organism’s life activities but as a 
form of that activity. 

Leontiev has shown that it is the logic of their own de- 
velopment that brought the real relations between an or- 
ganism and its environment to the need for the emergence 
of the psyche. For the first time the search for a criterion 
for the psyche is guided by an analysis of the objective 
relations that link organisms with their environment. Leon- 
tiev proposes that an organism’s stimulativeness in relation 
to certain types of environmental influences serves as an 
objective criterion for the particular form of life activity 
called the psyche. More specifically this refers to those 
types of perturbances from the environment that do not 
themselves possess a direct meaning for life activities, but, 
because of their relation to other influences that do possess 
such a direct significance, play the role of signals and me- 
diate the relation of organisms to directly significant stim- 
uli. Leontiev supposes that such a complexification in the 
relations of organisms to their environment was produced 
by a transition from life in a homogeneous and unstruc- 
tured environment to life in discrete environments, within 
which organisms found it necessary to effect a search for 
stimuli possessing a direct vital significance, to orient them- 
selves within such environments, and to reflect them. 

Following an analysis of experimental data in the field 
of animal psychology produced both by other researchers 
and by himself, Leontiev came to the conclusion that the 
type of mechanism that effects an adaptation of animals to 
environmental changes cannot serve as the only criterion 
for the development of their psyche. He opposes the tradi- 
tional scheme representing the development of animals, 
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namely, instinct-habit-intellect. Leontiev has shown that in 
identifying the major stages in the development of the 
psyche of animals consideration must be given to the ob- 
jective structure of those activities of animals that link 
them to their environment and determine the forms in 
which they reflect reality. It is on the basis of such an ap- 
proach (according to forms of reflection) that he identifies 
the following distinct stages: psyches relating to elementary 
sensors, perception-oriented psyches, and psyches based on 
intellect. 

Leontiev has also shown the manner in which changes 
in conditions of existence lead to changes in the structure 
of the animals’ activities (behaviour), while that in turn 
leads to changes in forms of psychic reflection. In this connec- 
tion he points out that one never finds a direct correspondence 
between forms of reflection and changes in the structure of 
activities: forms of reflection lag behind such changes as 
it were. In describing different types of activity structures 
and different forms of reflection, Leontiev also emphasizes 
that they continue to be constrained by the framework of 
instinctive-biological laws. 

In analyzing the conditions under which human con- 
sciousness has emerged, Leontiev shows that there, too, it 
is the specific characteristics of the activity structures, 
which now refer to labour and are governed by social re- 
lations rather than by natural laws, that produce the spe- 
cific features of the human psyche. 

It is thus activities linking the subject to the world that 
were made the subject-matter of psychology by Leontiev 
(/bid.). Above all he turned his attention to the structural 
properties of activities. He objectivized goals and motives as 
basic elements of activities that are guided by the mind and 
interpreted them not as internal expericnces but as external 
objects guiding the subject’s activities. Thus he views the 
motives of activities not merely as a need for something 
on the part of the subject, but as an embodied need, as the 
particular object’ that motivates the subject to undertake 
activities. 

Leontiev distinguishes between the concepts of activity, 
action and operation. By activity he understands the pro- 
cesses that carry out a living active relation on the part 
of the subject with respect to reality. Its characteristic fea- 
ture is a coincidence of motive and objective: it is motivat- 
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ed by the particular objective to the achievement of which 
it is directed (86). ‘The basic components of individual 
human activities are the actions that realize them. We call 
an action a process that is subordinated to the representa- 
tion of the particular result that is intended to be achieved, 
i.e., a process that is subordinated to a conscious objective. 
Just as the concept of a motive corresponds to the concept 
of an activity, so the concept of an objective corresponds 
to the concept of an action” (87, p. 104). Leontiev thus 
defines an action as a goal-oriented process that is activat- 
ed not by its objective but by the motive underlying the 
activity that the particular action realizes. A characteristic 
trait of actions as opposed to activities is the non-corre- 
spondence of motives with objectives (84; 86). Leontiev de- 
fines operations as methods through which actions are car- 
ried out. Operations thus correspond not to motives and not 
to the objectives of actions but to the specific conditions 
within which the objective is defined (83; 88). Operations 
are made up of actions: “...When the objective of an action 
is incorporated into another action as a condition for its 
execution, the first action is transformed into a method for 
carrying out the second, into a conscious operation” (86, 
p. 298). 

Leontiev also introduced the concept of the significance 
that activities (actions) possess for subjects. He views this 
as the relation of motives to objectives (83, p. 82). In the 
given context, significance appears as a relation between 
two things carrying out specific functions within an activ- 
ity and operating as structural elements of that activity. 
Significance, he writes, appears as a relation that is actually 
realized by the subject’s life and activity (/bid., p. 81). 

Leontiev emphasizes the instinctive-biological nature of 
activities among animals, and shows that this determines 
the narrowness of their psychological reflection of the real- 
ity that surrounds them. Everything that is not associated 
with the biological needs of animals is not reflected by 
them and does not exist for them—‘Animals do not pos- 
sess stable reflections of reality that are objectively goal- 
oriented” (Tbid., p. 56). This specific feature of their psyche 
is explained by the structure of their activities. The element 
that guides the activities of animals always corresponds to 
motives. Hence animals do not engage in actions. The re- 
lation of an animal to an object cannot be separated from 
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the object and does not exist by itself. This also explains 
the absence among animals of genuine joint activities char- 
acterized by a conscious division of functions. 

The_structure of human activities is altogether different. 
Labour as a specifically human activity is characterized not 
only by the use of instruments but by collective efforts as 
well. The relation of a man to the world is mediated not 
only by instruments but also by the activities of other per- 
sons with whom he enters into production relations (269; 
270). 

It is the division of labour functions among several per- 
sons that first creates actions. That which motivates a par- 
ticular person to initiate an action may be achieved only as 
a result of the corresponding actions by each participant 
in collective labour. Viewed individually, each action does 
not attain the objective and does not possess a vital signifi- 
cance for the corresponding individual. Social conditions 
of activity thus require the development of new forms of 
the psyche that make possible a reflection by each indi- 
vidual of the relation between the objective motive under- 
lying the action and its object, that is, the immediate ob- 
jective. Exactly this form of the psyche that makes such a 
relation realized by man as his own relation Leontiev calls 
reasoned or thinking human consciousness. Thus, “together 
with the appearance of actions, that principal ‘unit’ of hu- 
man activity, the fundamental ‘unit’ of the human psyche 
also appears, which is social in nature—namely, a reason- 
able meaning for man of the objective towards which his 
activities are directed (83, p. 68). 

Such a separation for the subject between the object of 
activity and his relation to that object leads to a situation 
in which objects begin to assume a stable relationship to 
the collective’s needs and acquire specific meanings that 
generalize and crystallize social experience and record it in 
language. For man meaning objectivizes the significance of 
what is reflected (/bid., pp. 79-80). 

Leontiev poses in a fundamentally new way the problem 
of arriving at a psychological characterization of conscious- 
ness. The position of traditional bourgeois psychology is 
that within consciousness one should study only that which 
it contains, namely, individual psychic phenomena and their . 
mutual relations. As does Vygotsky, Leontiev considers that 
the features that distinguish consciousness do not merely 
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relate to individual psychic phenomena and _ processes. 
Consciousness possesses its own psychological characteris- 
tics, namely, a specific internal structure that is influenced 
by the nature of the subject’s external practical activities. 
Thus, in identifying the specific features of consciousness, 
the author moves beyond its internal boundaries and over- 
comes the closure of consciousness within the subject itself 
(such closure is characteristic of bourgeois psychology). 
This makes it possible to show the manner in which being 
determines consciousness in the context of concrete psy- 
chological problems. “The actual explanation of conscious- 
ness lies... in social conditions and the modes of activity 
that make consciousness necessary, that is, in labour ac- 
tivities” (88, p. 29). 

Having pointed to meaning and personal significance as 
the major “elements” underlying the internal structure of 
consciousness, Leontiev shows that in the process of his- 
torical development their mutual relations which reflect the 
particular objective relations of a man to nature and to 
other persons that develop in different socio-economic for- 
mations, produce different structures of consciousness. 

Such a view of the psyche as a form of an organism’s 
vital activities that emerges and develops in response to 
changes in conditions of existence has permitted Leontiev 
to bring the psyche out of a closed circle within the subject 
and to understand its relation to man’s external activities. 

Initially the psyche and consciousness were components 
of the practical activities of individuals and could not be 
viewed independently of such activities. Gradually the pro- 
cess of a division of labour led to the appearance of men- 
tal and physical labour. In the case of mental labour it is 
the overall activity that acquires a psychic form, rather than 
individual elements of that activity and component actions. 
After becoming distinct in the course of practical activities, 
psychic processes subsequently acquire independent motives, 
i.e. are transformed into specific types of activity (83). 

In other words, external, practical activities are inter- 
nalized and acquire the form of internal ideal activities. 
Yet, while they assume a psychic form and become rela- 
tively aufonomous, they do not cease to he activities, i.e., 
processes directed at solving vital problems emerging in 
the course of the subject’s interaction with the world. 
Psychic activities do not become purely spiritual activities 
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that are fundamentally opposed to external, practical activ- 
ities. This made it possible for Leontiev to overcome the 
dualistic juxtaposition of internal activities, activities of 
consciousness, and external activities, and to show that the 
process of arriving at conscious awareness and external 
activities are two forms of the same thing, namely, of ac- 
tivity, rather than two distinct things. In such a context 
one of these forms is produced by the other or derives 
from it. These two forms are related with each other 
through mutual transitions and mutual transformations, 
and this represents the most important and effective ex- 
pression of the integral unity of the psyche with activities. 
Both these forms of activity “bind man to the external 
world, each in a different way. That external world is then 
reflected in his mind” (86, p. 313). ‘Both are processes 
that have either acquired signilicance or have such a po- 
tential. The indivisibility and integrity of man’s life which 
manifests itself in two forms—material and ideal—is ex- 
pressed in their joint existence” (83, p. 99). The integral 
unity of external, practical activities and internal, psychic 
activities is also expressed in the fact that both possess a 
similar structure. Leontiev notes that in the case of both 
psychic and practical activities one should distinguish the 
activity, action, and operation. The common structural 
properties of external activities and psychic activities are 
what makes it possible for mutual transitions and mutual 
transformations to take place. Internal activity continuous- 
ly incorporates individual external actions and operations, 
while external, practical activities incorporate internal ac- 
tions and operations of reasoning (83; 86). 

Traditional bourgeois psychology has continually em- 
phasized only the dependence of external activities on in- 
ternal ones, of practical activities on psychic activities. 
Leontiev posed the problem concerning the reverse depen- 
dence, namely, the dependence of internal, psychic activi- 
ties on external, practical activities. He has shown convinc- 
ingly the primacy of external, practical activities both in 
phylogenesis and ontogenesis. That idea has brought Soviet 
psychology to the threshold at which it can realize Marx’s 
well-known proposition to the effect that “the ideal is 
nothing else than the material world reflected by the hu- 
man mind, and translated into forms of thought” (268, 
p. 29). 
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Thus the subject of psychology was shifting from the 
isolated psyche to reasoned activities whose structural ele- 
ments express themselves in an external material form as 
well as in an internal, psychic form. Psychic activity is 
merely a specific type of human activity whose origins are 
linked to the external material world as a point of depar- 
ture. In a recently published work, Leontiev states explicitly 
that “independently of the form that they assume activi- 
ties are incorporated into the object of psychological sci- 
ence, even though this is in a very different way, of course, 
than that in which they enter into the object of other sci- 
ences” (88, p. 12). Such an approach to the subject im- 
plies major adjustments in the path followed by the devel- 
opment of psychological science. In the past it always in 
fact accepted a juxtaposition of the external and the in- 
ternal and of the material and the ideal as a point of de- 
parture. Now, however, it came to “be based on the actual 
unity of the subject’s psyche and activities and to study 
their internal interrelations and mutual transformations” 
(86, p. 27). 

The studies of Leontiev also contain a further develop- 
ment of an historical and social approach to man’s psyche. 
In particular, he noted that in the case of man one should 
distinguish not two, but three types of experience. While 
animals possess both an inborn experience that is biologi- 
cally inherited and an individual experience that is super- 
imposed upon it, man possesses still another type of expe- 
rience, namely, that of social-historical practice, which he 
acquires during his life, and which represents the experi- 
ence of mankind. It is through this particular process, 
which differs in its mechanisms, that man develops specif- 
cally human capacitics. Leontiev emphasized that that ex- 
perience should not be confused with individual experience 
in the narrow sense of that term. It differs from the latter 
not only in its content but also in terms of the fundament- 
al mechanism through which it is acquired. 

Later, in the 1950s Leontiev proposed a hypothesis con- 
cerning the ‘functional organs of the brain”, namely, that 
systemic processes which are formed on the basis of speci- 
al brain “associations” are the physiological mechanism of 
higher, specifically human psychic functions. These ‘‘as- 
sociations” emerge and are consolidated during a person’s 
lifetime, and play the role of organs for these psychic 
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functions. The theoretical significance of that hypothesis 
lies in that it makes it possible to overcome a simplified 
differentiation between what is biological in man and what 
is social and to show man’s historical and sucial nature in 
its integrated form. 

That particular theoretical approach has greatly in- 
fluenced experimental studies. A number of distinct branches 
of these studies have developed under such persons as 
L. I. Bozhovich, A. V. Zaporozhets, P. I. Zinchenko, 
D. B. Elkonin and others. This led not only to the identifi- 
cation of a clear psychological structure encompassing 
man’s activities but to a psychological characterization of 
each element of that structure. Individual psychic pro- 
cesses were studied in relation to their position within the 
structure of activities and in relation to the human sig- 
nificance of these activities (36). 

These studies have played a major role in overcoming 
subjectivism in experimental psychological studies, and in 
making clear the dependence of the psyche on the sub- 
ject’s real life in the context of specific types of activities. 
In particular, learning activities were studied as a major 
type of human activity. It was shown that only those ele- 
ments are consciously perceived in the course of learning 
that occupy the structural position of an immediate objec- 
tive for particular actions within the given activity. This 
has made it possible to understand in a new way the prin- 
ciples underlying conscious, active, and visually tangible 
forms of learning. Similarly, the problem of encouraging 
the development of specific psychic functions (such as mem- 
ory and attention) was now perceived in a new way. In 
order to make a student attentive to a particular object it 
is necessary to formulate problems in whose solution that 
object would occupy the structural position of an objective 
within the student’s corresponding activities. This problem, 
Leontiev observes, concerns ‘“‘not characteristics of the 
child’s attention as a certain capacity of his consciousness 
but the characteristics of his activities” (84, p. 14). It is 
true that such solutions are possible only in those cases in 
which attention has already emerged as an internal activi- 
ty and when the task is merely to direct it to a particular 
object. This does not eliminate the problem of developing 
a new internal activity, and Leontiev, therefore, also raises 
the problem of finding ways to encourage new internal ac- 
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tivities. [t is not sufficient, he notes, to merely formulate 
the corresponding tasks. Like Vygotsky, Leontiev sees the 
principal means in joint activities of adults and children. 
In such a context, he adds, adults must externalize the 
required activily, while children must carry out that ex- 
ternally expressed theoretical activity within themselves. 
Since he believed that even then the desired result may 
not always be attained, Leontiev pointed to the need for 
relying on visually tangible elements, that is, real objects 
that serve as external supports for internal activities. In 
particular, it is important to note that Leontiev draws at- 
tention to the importance of relying “where possible on 
actions whose form for the learner is external’ (/bid., 
p. 15). 

Leonticv thus not only formulated the thesis that the 
psyche represents a transformation of external activities, 
but also turned his attention to the manner in which this 
is realized in the process of ontogenesis. Subsequently, 
P. Ya. Galperin and his associates turned to systematical 
studies of that problem. 

By the end of the 1940s, the studies of Vygotsky, Leon- 
tiev, Rubiustein and of their associates had thus produced 
the three fundamental principles that constitute the foun- 
dations of Soviet psychology, namely, 1) an activities- 
oriented approach to the subject of psychology; 2) a re- 
cognition of the social nature of man’s psychic activities; 
3) a recognition of the integral character of psychic activ- 
ily and of external, practical activity. 


§ 2. The Fundamental Principles 
of Soviet Psychology 


1. An Activities-Oriented Approach 
to the Subject-Matter of Psychology 


That principle means that the psyche is understood not 
as a manifestation of consciousness but as a form of the 
subject’s life activities that are concerned with the specific 
problem situations arising in the course of his interaction 
with the world. Man (the subject) appears as an active ele- 
ment rather than a simple container of psychic elements. 
Ile engages both in external, practical acts and in psychic 
acts. The psyche is not merely an image of the world and 
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a system of representations, but an activity, a system ol 
actions and operations that are integrated through a com- 
mon motivation and objective. 

Such an activities-oriented appruach to the psyche great- 
ly alters the subject of psychology. For rather than study- 
ing individual isolated psychic functions (such as atlen- 
tion, will, emotion, etc.) psychologists must now study a 
system of activities. Within activities individual functions 
occupy specific structural positions and carry out some par- 
ticular functional role. lt follows that the principles that 
govern activities are wider than those that govern individ- 
ual elements of such activities and are more than the sum 
of the latter. In other words, the subject of psychology, 
namely, activities, is systems-oriented by its nature and 
must be studied as a system. This is also why an activi- 
ties-oriented approach to the psyche cannot be applied sim- 
ply through a replacement of individual terms, such as 

“the activity of attention” instead of ‘the function of at- 
tention’, ‘emotional activity” instead of ‘emotional func- 
tion”, etc., since individual functions do not constitute ac- 
tivities. The fundamental difference between an activities- 
oriented approach to the subject of psychology and other 
approaches lies in the following: the object of analysis is 
the actual process of interaction of man with his environ- 
ment and this is seen in its integral nature as a process 
related to the solution of specific tasks. Earlier approaches 
to that system of activities selected individual elements and 
analyzed them in isolation from that system. The basic flaw 
of a subjective-idealistic approach to psychology lies in its 
separation of man’s psyche from his real life and his activ- 
ities, while, at the other extreme, behaviourism eliminat- 
ed the psyche from real behaviour and viewed the latter as 
an aggregate of external responses. 

At the psychological level activities are units of exist- 
ence that are mediated by ‘“‘a psychic reflection, whose 
real function is to orient the subject within the world of 
objects” (88, p. 82). A major characteristic of activities 
thus concerns their orientation on objects (on some specilic 
material or ideal object) and its subjective nature (they 
are carried out by specific persons). 

The subject-matter of psychology has also greatly changed 
in another respect: psychology is no longer expected to study 
only psychic activities—that is the extreme case. In a typ- 
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ical situation both psychic and non-psychic components of 
activities are jointly present which may, moreover, also 
change their form in the process of functioning. 

An activities-oriented approach to the subject-matter of 
psychology has led to a reformulation of the unit of psy- 
chological analysis. Generally, for any process the unit of 
analysis must retain the specific properties of the phenom- 
enon being analyzed. In this connection, Vygotsky em- 
phasized that the psyche should be divided not into the 
simplest units, but into units that are specific to it, within 
which all its qualities and properties continue to exist in 
their simplest form. He noted that a further decomposition 
into still simpler elements produces a loss of the specific 
properties of the phenomenon being analyzed, and thus of 
the specific characteristics of that science (27). “If, for 
example, we wish to explain why water extinguishes fire,” 
Vygotsky wrote, ‘we must not decompose water into its 
clements—for hydrogen is itself combustible, while oxygen 
contributes to combustion. It is only if we are able to re- 
place an analysis that decomposes the integral phenomena 
into its elements by an analysis dividing complex integral 
units into relatively simple units that can no longer be de- 
composed and that represent the integral nature of the 
whole in the simplest possible form—only then can we 
hope that our analysis will bring us to a satisfactory solu- 
tion of the problem” (/bid., p. 471). 

Since psychology studies activities their analysis must be 
carried out in terms of units that retain all specific char- 
acteristics of activities. Actions constitute such a unit. They 
possess the same structure as activities, namely, objectives, 
motivations and the objects to which they are directed, and 
a specific set of operations through which actions are car- 
ried out, patterns that guide the actions of subjects; and 
are processes that relate to his (subject’s) life activities. 
Finally, both actions and activities are subject-related, i.e., 
belong to the subject and are always activities of specific 
individuals. 

The selection of actions as elementary units of psycho- 
logical analysis does not imply a neglect of images. Like 
operations, images are elementary components of psychic 
activity in which the specific characteristics of the psyche 
as an activity are no longer present. The approach that is 
being considered therefore requires that images be studied 
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as elements of actions and activities rather than by them- 
selves. Both sensury and conceptual images occupy a struc- 
tured position within a subject’s activity, namely, that of 
an object of activity, or a pattern intended to guide actions. 
An analysis in terms of actions does not lead to a neglect 
of images, even though it does not view them as aulono- 
mous elements that may engage in direct interactions. 

Images are related to actions and operations in several 
ways. First, actions are means for forming images. Neither 
abstract nor sensory images may develop without a corres- 
ponding action on the part of the subject. Images are al- 
ways results and outcomes of specific activities. Perceptions 
as sensory images result {rom acts of perception and from 
the action of “perceiving”. Similarly, concepts are products 
of thought. Second, operations constitute the psycholog- 
ical mechanism of images. The actualization of an image 
and its reconstitution by a subject is always an outcome 
of those operations (perhaps instantaneous) from which the 
image derives and these operations are integral parts of 
that image (33). Finally, the use of images in the process 
of solving different problems also takes place through their 
inclusion into specific actions. 

Thus, even though the relation between images and ac- 
tions is a bilateral one, actions play a leading role. Images 
without actions on the part of the subject can neither be 
formed, nor reestablished, nor utilized. It follows that the 
formation of images may be regulated only through ac- 
tions. 

The view that actions form the elementary integral unit 
of analysis in the case of activities was first proposed by 
Leontiev (cf. for example, 82) and then by Rubinstein. 

In explaining the grounds for selecting such a unit of 
analysis, Rubinstein observed that an understanding of the 
diversity of psychic phenomena in terms of their essential 
internal interrelations “required above all that the particu- 
lar ‘cell’ be found, within which one may uncover the be- 
ginnings of all elements of psychology in their integral 
form” (142, p. 173). He adds that it is necessary to find 
an integral psychophysical unity that will contain all bas- 
ic elements of the psyche in their real mutual interactions 
within the context of the specific material conditions and 
mutual interactions between the individual and the exter- 
nal world. “... Any action forming a unit of his activity is 
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such a cell” (/bid.). Since they relate to both practical and 
theoretical activilies “actions as ‘units’ of activity result 
from specilic motivations and are directed at a specitic ob- 
jective when they are viewed in terms of their psycholog- 
ical contents, and are solutions to tasks confronting indi- 
viduals when they are viewed in relation to the conditions 
within which such objectives are reached” (/bid., p. 174). 

In Soviet psychology the recognition of actions as in- 
tegral units of psychological analysis has thus been ac- 
companied by a recognition of the need to rely on an ac- 
tivities-oriented approach to the subject-matter of psychol- 
ogy. In spite of a wide acceptance of such a view of the 
psyche, actions have not been widely employed as_ basic 
units of analysis in concrete psychological studies. Beyond 
recognizing that the process of learning is an activity it 
is now important to analyze it in terms of specific actions. 


2. The Social Nature 
of Man’s Psychic Development 


Man’s social mode of existence has produced a situation 
in which human progress came to be determined by social 
rather than biological principles of regulation. The expe- 
rience of man as a species is no longer defined through 
the mechanisms of heredity and has come to be structured 
in specifically social ways, in the products of material and 
spiritual culture. The development of individuals is no long- 
er the result of an unfolding of the experience of their 
species generated internally through heredity, but of an 
assimilation of external social experience that is embodied 
in means of production as well as in such objects as books 
and in language. Man is not born with already developed 
thought processes and with knowledge of the world nor 
does he discover anew the logical principles that govern 
thinking and those laws of nature that are known to soci- 
ety. lle acquires this by assimilating the experience of 
earlier generations. Of course, man then adds to this ex- 
perience but he does this only after assimilating the ex- 
perience that is already available in society. 

The assimilation of the experience of earlier generations 
has thus come to play a determining role in the develop- 
ment of individuals. Education and training are specially 
organized forms of joint activities of members of the older 
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and of the younger generations that permit the latter to 
assimilate the experience of preceding generations. This 
does not at all imply, of course, that natural capacities at- 
tributable to hereditary mechanisms have ceased to play 
any role at all; on the contrary, they operate as necessary 
conditions for man’s psychic development. In the words of 
Zaporozhets and Elkonin “One must be born with a human 
brain to become a human being” (64, p. 8). 

Education and training, on the one hand, and the totali- 
ty of inborn anatomic and physiological characteristics, on 
the other, are phenomena of a different order and they 
should not be viewed together. The first are the source of 
psychic development while the second are a necessary con- 
dition for such a development. 

It was Vygotsky (23; 26) who contributed to Soviet 
psychology the idea that education and training are the 
source of man’s psychic development. More specifically he 
distinguished two levels of development of a child’s poten- 
tial, namely, the level of actual development, which has 
been produced by already completed cycles of development, 
and the zone of potential development. This refers to the 
process of becoming which represents the current devel- 
opment’s immediate future. 

In viewing instruction as a source of development one 
should identify within it the specific link that is directly 
responsible for such an effect. Vygotsky emphasized that 
this is the contents of assimilated knowledge, and that the 
selection of new contents should be guided by zones of 
potential development rather than by the current level of 
development. Otherwise instruction will follow actual de- 
velopment rather than guide it.! 

But even knowledge bearing on zones of potential de- 
velopment results in effective development (and in effective 
knowledge assimilation) only if students engage in cogni- 
live actions that adequately correspond to this knowledge, 
i.e., that are directed al uncovering their essential proper- 
ties. In particular, such a process of instruction cannot be 
merely limited to social interactions between leachers and 
students. The students’ activities must be directed to the 
world of things, without which knowledge relating to the 


' For an analysis of L. S. Vygotsky's approach to interactions 
between instruction and development sec D. B? Elkonin (190). 
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contents of the instruction process cannot be transmitted. 
In other words it is not possible to transmit accumulated 
knowledge about the world if one neglects that world and 
neglects the practical activities of those to whom this 
knowledge is transmitted. The older generation cannot 
transmit available knowledge to the younger generation 
through a direct interaction of the consciousness of each 
or clse simply through a verbal communication. 

The founders of Marxism-Leninism have emphasized that 
a person’s reflection of the world develops in the course of 
his active influencing the world (260). This means that all 
ideal forms of wealth accumulated by mankind and given 
the form of systems of scientific concepts, principles, and 
established thinking procedures, cannot be transmitted to 
the next generation in prepared form through some “trans- 
plantation”, as it were, from one head into another. It can 
be assimilated by each new generation only with the help 
of its own activities directed at the world of those things 
concerning which knowledge is to be transmitted. Attempts 
to transmit new knowledge directly in verbal form, through 
verbal communication alone, while neglecting the world 
of things and of actions, imply a philosophical view of 
the psyche in which it is a reflection of the consciousness 
of persons rather than of the external world. 

The role of the older generation is to organize activities 
of the vounger generation in relation to the world of things 
in such a way as to uncover before them those aspects and 
those principles that must be assimilated. Thus it is only 
through a contact with the world that each new generation 
reecives knowledge about the world. But the knowledge 
that then unfolds is not newly developed knowledge. Rath- 
er it is transmitted by the older generation with the help of 
things and through a special organization of activities of 
the younger generation in relation to things. 

The effects of both education and development are a di- 
rect. outcome of student activities that link them to the ex- 
ternal world. Their nature and also the extent to which 
they are regulated by teachers constitute the principal 
basis for improving the quality of knowledge-assimilation 
and enhancing the developmental effect of education. 

It follows from these observations that aside from an 
aggregate of social material and ideal objects older gencra- 
tions also transmit to the younger generation systems of 
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socially developed methods for interacting with those ob- 
jects. Each object in a society plays a socially structured 
function and is associated with a specific form of activity. 
A person will be able to employ specific objects in accord- 
ance with their function only after mastering that proce- 
dure. Thus, a child begins to use a spoon as an “instrument 
for cating” only after learning to hold it correctly, that 
is, after mastering the procedure for acting with a spoon 
that has been developed by his society. Similarly, it is 
only after mastering the corresponding logical procedures 
and forms of activities, including a specific system of 
thought operations carried out in accordance with specific 
rules, that man employs concepts for classifying ob- 
jects. 

Actions thus operate as leading components in the pro- 
cess of assimilating experience. Without assimilating them 
the world of material and ideal things remains closed to 
man. 

In referring to the process of assimilation, A. N. Leon- 
tiev emphasizes that in order to master “the product of hu- 
man activity it is necessary to carry out activities that ade- 
quately correspond to those which the given product em- 
bodies” (85, p. 11). His proposition that activities are em- 
bodied and objectified in objects should not be understood 
in the sense that activities are located within an object in 
an already developed form as in some social piggy bank: 
they are not there and could not be found there. Its mean- 
ing is that the nature of actions with an object is pre- 
defined by that object’s characteristic features. An pbject 
carries, as it were, a label defining the method in which 
it may be employed. The actions and operations that are 
needed to master any object are not only non-present with- 
in the object itself but ‘a capacity to carry out these oper- 
ations cannot be developed by a child under the influence 
of the instrument [object.—N. 7.] itself” (7bid., p. 12). 

The works of Leontiev emphasize that the existence 
alone of objects of material and spiritual culture is not 
sufficient for the operational aspect of human experience 
be assimilated. Engaging in appropriate activities in rela- 
tion to these objects is the first necessary condition for as- 
similating social experience, but social interaction with the 
older generation is also required. ‘“‘While objectively these 
operations are embodied in instruments, a child subjective- 


39 


lv perceives them as being contained in these instruments. 
lle is able to discover them only because his relation to 
the world of things is mediated by his relations to persons. 
Adults show children the methods that are needed to em- 
ploy instruments and help them to employ them in appro- 
priate wavs, i.e., they construct instrumental operations 
within children” (Ibid.). 

In showing the specific characteristics of social proce- 
dures for consolidating experience Leontiev notes that hu- 
man “properties and capacities acquire an objective, thing- 
related form” (86, p. 361) and the activities of earlier gen- 
erations are embodied in the social product (85, p. 11). 
T¥e does not explain more precisely, however, which spe- 
cific activity is embodied in the product: that which led 
to its (object) creation or that which is carried out with 
its help and is the reason why that object was created. In 
terms of their contents these are different types of activi- 
ties: the activities that produce a spoon, for example, differ 
substantially from those in which that spoon is employed 
as an instrument for eating. Leontiev does not distinguish 
between them because that distinction is not significant 
within the logic of the problem that he considers. Both 
tvpes of activities are embodied in social objects in cor- 
responding forms. 

This is the reason, however, why Leontiev and his dis- 
ciples are sometimes accused of reducing the development 
of human capacities to the assimilation of the particular 
object-oriented methods of action that have developed in 
society and of neglecting the importance of the processes 
through which these objects are created (147; 157). The 
process of creating social objects is also associated with 
the assimilation of object-oriented methods of acting, but 
in that case the objects in question will be not those that 
are produced (the final goal of activities) but those from 
which they are created. The operations underlying these 
two types of activities will also differ. Naturally, these two 
essentially distinct types of actions should also be distin- 
guished in the process of teaching: having taught a child 
to employ a spoon we will not have taught him how to 
produce it: and having taught a person to employ the laws 
of science, we still will not have taught him the methods 
that led to their discovery. 

The process of identifying actions that are appropriate 
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to social objects (material and ideal) is a serious task for 
adults as well as for children. This relates, moreover, both 
to methods of acting that are needed to create social objects 
and to methods of acting in utilizing these objects. 

Before any social object or any method for producing and 
utilizing it becomes a social legacy it operates as a_per- 
sonal and individual capacity. It becomes a social legacy 
only after a specific mode of acting with that object is as- 
sociated with it, and when it is created in order to carry 
out specific functions within a society. Transitions of ob- 
jects (products) and of methods of acting from the indi- 
vidual sphere to the social sphere ocenr in different 
ways. 

Because in the case of objects of material culture corre- 
sponding modes of action are expressed externally they 
lend themselves more readily to verbal fixation. In the case 
of objects of spiritual culture the process of identifying 
and objectifying adequate modes of action proceeds in 
much more complicated ways. Let us consider the example 
of fine arts. Paintings and sculptures are intended to pro- 
duce aesthetic pleasure in man. But this requires that man 
assimilate adequate modes of action in relation to them, 
and that the older gencration help the younger one in 
achieving this. The content of activities resulting in the 
discovery of the artistic content of objects of art is still 
insufficiently understood, even though these objects have 
appeared a very long time ago. Of course, in that case as 
well, the older generation does help the younger one to 
some extent in mastering the necessary activities, but an 
insufficient understanding of such activities often produces 
situations in which teachers either fail entirely in develop- 
ing an adequate mode of action, or else these modes devel- 
op over a very long time through a gradual guidance on 
appropriate actions and through prolonged practical ex- 
perience. 

Since in such cases the mode of action does not appear 
as a special object to be assimilated (is not the goal of 
the action within the corresponding activity in terms of the 
analytical scheme of Leontiev) it is insufficiently recog- 
nized even when it does develop. Tt may, therefore, not be 
freely actualized) and hence objectified for purposes of 
transfer to other persons, Such situations are quile fre- 
quent. The older generation has mastered activities that 
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are appropriate. to particular social objects, but does not 
consciously perceive their contents. For example, the math- 
ematician may prove a theorem through the method of 
disproving the converse proposition. But he may not be 
able to point to the content. and sequence of mental ac- 
tions and operations on which he relies, and will therefore 
not be able lo purposefully develop similar activities among 
his students. 

To infer from a social product the activities that lead to 
ils creation is by no means an easy matter. As Marx ob- 
served, the process of labour vanishes within the product 
of labour, A given product, moreover, may be created 
through activities that greatly differ from each other. This 
is why many production secrets vanish with the death of 
persons who mastered them. While the product remains 
and continues to embody, in a certain sense, the activities 
of ils creator, it is by no means a simple task to re- 
construct these activities. 

In cases in which modes of action are known, they have 
been objectified in verbal form. Many of them are described, 
i.c., consolidated in’ a specific social form in which it 
is stored for future generations. 

Thus modes of action that have emerged in society and 
thal are appropriate to the creation of specific social objects 
are only suggested by those objects rather than constrained 
within them. Such actions often exist as components of 
the practical and theoretical activities of persons, and are 
partly objectified and recorded with the help of language. 

Actions that are required today but are not yet objecti- 
fied cannot be developed within the younger generation in 
a conscious and goal-oriented way. In order to establish 
that content an analysis is needed of those social objects 
(material and ideal) with which they are associated, and 
also of the activities (material and ideal) of persons who 
control them. Only objectified actions may serve as objects 
of assimilation and be consciously assimilated. 


3. The Integral Unity 
of the Psyche and Activities 


While that principle is recognized by all Soviet. psyehol- 
ogists it is interpreted in different ways. Tn most cases it 
is understood in the manner described by Rubinstein: ac- 
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tivilies not only express the psyche and consciousness but 
also develop them (142). This view has been presented in 
texts (123; 124; and others). It has already been noted, 
however, that a simple recognition of the integral unity of 
the psyche with activities without identifying the specific 
ways in which they interact does not lead to an overcoming 
of dualism, that is of a juxtaposition of the external to the 
internal and of the material to the ideal. It has already 
been shown that the studies of Leontiev have led to the 
identification of several dislinct aspects of the integral 
unity of external activities with the psyche. 

The studies of Leontiev and of his school were above all 
concerned with understanding activity structures and the 
dependence of individual psychic processes on their posi- 
tion within activity structures. It was shown that the in- 
tegral unity of the psyche and external activities derives 
from the fact that both are activities and that both types of 
activity possess an identical structure. Another aspect of the 
integral unity of external practical activities and psychic 
activities was noted by Leontiev in his proposition that in- 
ternal psychic activities are transformations of external ma- 
terial activities. Like Vygotsky he has emphasized that it 
is important to “recognize that the former is a manifesta- 
tion of the latter and of the latter’s structure and laws” 
(83, p. 97). 

According to that proposition psychic activity does not 
merely develop in the course of practical activity but is 
formed from practical activities. Such a conception of the 
origins of psychic phenomena follows from the Marxist 
view that psyche is secondary in relation to existence and 
also from viewing the psyche as an activity. Since psyche 
is an activity it includes not only ideal objects (represen- 
tations, conceptions) but also ideal operations. External 
objects are the primary material source of images 
(representations, conceptions). External material activ- 
ities are primary in relation to new psychic activi- 
ties generally; this refers, moreover, to the subject's 
own material actions rather than those of other persons, 
since we are considering the development of ideal actions 
rather than images of action. 

The development of that principle called for a clarifica- 
lion of the manner in which new internal actions develop, 
of the specific ways in which they are transformed from ex- 
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ternal, practical actions, the basic characteristics of actions 
viewed as units of any activity, and of the specific systems 
of actions that underlie different tvpes of internal psychic 
activity. It was Galperin who found answers to all these 
questions and who proposed a new theory of a stage-by- 
stage formation of mental actions. 

In his studies Galperin relied on the principles of Soviet 
psychology as well as on experimental studies carried out 
by Soviet scholars (B. G. Ananiev, V. T. Asnin, FE. V. Gu- 
rianov, L. V. Zankov, A. V. Zaporozhets, B. V. Zeigarnik, 
P. I. Zinchenko, G. S. Kostyuk, A. N. Leontiev, A. R. Lu- 
ria, N. A. Menchinskaya, A. A. Smirnov, B. M. Teplov, 
P. A. Shevarev, D. B. Elkonin). He pointed to an approach 
to the further development of the principle of the integral 
unity of psychic and practical, internal and external ac- 
tivities. 

Like Vygotsky and Leontiev, Galperin noted that new 
types of psychic activity are first assimilated in external— 
material—forms and are then transformed into internal— 
psychic—forms (32). Such transformations relate to sys- 
tems of independent characteristics (parameters). Combina- 
tions of qualitative changes in these characteristics consti- 
tute a number of stages, and transitions from one stage to 
the next constitute the process of transformation of ex- 
ternal material activities into internal psychic activities. 
In the course of that process external objects of activity are 
replaced by their images—representations, conceptions, 
while practical operations are transformed into mental and 
theoretical operations. 

Galperin’s theory has opened the way to concrete psy- 
chological studies of psychic activities themselves, and has 
served as an instrument in developing specific forms and 
types of psychic activities. He did not limit himself to gen- 
eral propositions concerning activities and did not simply 
identify actions as units of analysis of psychic activity. 
Rather he has employed the study of the origin of mental 
activities (psychic activities) as a method for studying 
psvchic activities generally and formulated the problem of 
analyzing specific types of psychic activities in terms of 
the individual mental actions of which they are composed 


(38). 
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4. Principles of Soviet Psychology 
and the Theory of Learning 


The principles of Soviet psychology represent a particu- 
lar outcume ol a struggle for preserving and developing a 
Marxist methodology in psychological science, and they re- 
quire that the process olf learning be viewed as an activity. 
An activities-oriented approach to the process of learning 
requires that it be analyzed as an integrated system and 
as a real process for solving the problems that confront 
socio-historical man who is the subject of such activilies. 

A person's actlivilies are always responses to a_ corre- 
sponding need and are directed to an object that is able to 
salisly such a need. That object stimulates and governs the 
subject's activity. ln the light of such an understanding of 
activity it is only when it meets a need for knowledge ac- 
quisition that learning becomes activity in the proper sense 
of that word. Types of knowledge towards which the 
learning process is directed then appear both as the mo- 
tivation, in which the student’s need for learning has be- 
come objectified, and the activity’s objective. ln cases when 
students do not have such a need they either will not be 
engaged in learning or else will be learning in order to sat- 
isfy some other need. In such a case learning ceases to 
be an activity since instead of meeting a particular need— 
the acquisition of knowledge—it merely serves as an inter- 
mediary objective. In such a case learning is an action 
realizing some other activity; the knowledge that serves as 
the action’s objective does not serve as a motivation, since 
it is not knowledge which activates the learning process. 

Whatever the nature of the need that is being satisfied 
through learning it is always met through an action or a 
sequence of actions. A particular activity may be met 
through different actions, and conversely, a given action may 
serve dillerent activities (83). Actions, accordingly, possess 
a measure of relative autonomy. 

The study of learning processes thus calls for two levels 
of analysis: a) from the point of view of the need that 
learning seeks to satisfy; and b) from the point of view of 
the individual actions that constitute it. 

An analysis of the learning process in terms of unitary 
actions diilers substantially from both a functional analysis 
and from an analysis in terms of a behaviourist scheme. 
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in particular, an activilies-orienled approach makes it pos- 
sible to view learning as a process that is genuinely active 
on the part of the studeat. For the latter is seen not as 
an organism responding to stimuli passively and blindly and 
subordinating itself to the logic of reinforcement, but as 
an entity thal anticipales encounters wilh the object of 
aclivilies and studies il as well as the conditions within 
which it exists. 

Within the context of an activilies-oriented approach the 
process of learning is viewed neither as an actualization 
and development of some abstract primordially given func- 
lions (abilities) relating to thought, memory, attention, 
elc., as was implied in the old idealistic psychology, nor as 
a process for developing a system of external responses 
that are viewed as direct responses to stimuli, as suggest- 
ed by behaviourism. [tis a process of assimilation of var- 
ious types of human activities by students and hence of 
the set of actions that brings this about. 

Such an approach to learning does not imply that think- 
ing, memory and other psychic processes are excluded 
from the corresponding analysis. It merely implies a dilffer- 
ent understanding of their nature, their functional  sig- 
nificance and their origin. Because of the social nature of 
man’s psyche men are not born with developed abilities for 
thinking, remembering, elc. Rather they assimilate these 
elements during their lifetime by transforming social ex- 
perience into their own personal experience. In such a con- 
lext the psyche develops not as a set of abstract functions 
but as the source of autonomous types of psychic activity 
or else serves as an element of other types of activity. 
Thus, for example, while altentiveness does not constitule 
an independent activily, it contributes a controlling func- 
tion to other activities (35; 46). Similarly, memory provides 
a balance between currently actualized actions and both 
preceding and subsequent actions, i.e., operates as a regu- 
lator of the temporal aspect of human activities (96). This 
means that the process of teaching is concerned with the 
development of specific types of activities, and above all 
of cognitive activities, rather than with the development of 
some abstract functions of memory, thinking, attentiveness, 
ote. 

A perspective on the process of learning as an activity 
also calls for a fundamentally dillerent view of relations 
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between knowledge, abilities and working habits. Knowl- 
edge should not be juxtaposed to abililies and habits which 
are actions possessing their own specilic properties, but 
should be viewed as a component of such actions. Outside 
the context of the learner's activities, knowledge can be 
neither assimilated nor preserved. Similarly, measures of 
acquired knowledge cannot be viewed independently of ac- 
tions. ‘To know always means to carry out some activity or 
action associated with the given knowledge. Knowledge is 
a relative concept. The extent (quality) of assimilation ol 
knowledge is defined by the variety and nature of activi- 
ties in relation to which knowledge can operate. ‘Thus in- 
stead of two problems, namely, to transfer knowledge and 
to develop abilities and habits in applying knowledge, the 
teaching process confronts only one—to develop types of 
activities that will contain the given system of knowledge 
from the very first and that will provide for its application 
within predetermined boundaries. 

In accordance with the principle that the laws governing 
man’s psychic development are social in nature, the theory 
of learning must base itself on the proposition that the 
development of learning capacities of students takes place 
not through the development of capacities that already exist 
at birth, but through an assimilation of those types and 
modes of cognitive activity that constitute mankind's cogni- 
tive experience, which has been either partly or fully ob- 
jectified and recorded with the help of social means. 

In other words the theory of learning must be directed 
at studies of the principles bearing on the transformation 
of phenomena of social awareness into phenomena of in- 
dividual awareness. In those cases in which the required 
types of actions and ways for carrying them out are nol 
objectified and are not recorded as components of social 
experience and exist only as facts of individual awareness, 
the theory of learning must show the way in which they 
may be objectilied, recorded and made accessible to assi- 
milation. 

The principle of the unity of psychic and external activ- 
ities contributes to the theory of learning a fundamen- 
tal way of shifting approaches to coguitive activities from the 
sphere of social awareness to that of individual. An ap- 
proach to psychic activity that views it as secondary, that 
is as transformed external activity, requires thal any new 
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type of cognitive activity be initially introduced into the 
leaching-learning process in terms of its external form, as 
a material activity. 

The theory of Jearning must also describe the basic 
outlines of the process through which external, material 
forms of cognilive activity are transformed into internal 
psychic forms. 

The theory of learning that does not meet the require- 
ments thal follow from the basic methodological principles 
of Marxist psychology, cannot be expected to provide an 
effective psychological basis for control of learning proces- 
ses since such strategies do nol correspond to their nature. 


§ 3. Instruction in the Light 
of a General Theory of Control 


In cybernetics control refers to the operation of an in- 
fluence on an object (process) of control that is selected 
from a wider set of possible influences in the light of a 
desired objective, the stale of an object (process) or ils 
characteristics, that lead to an improvement in the given 
object's functioning and development, i.e., to a closer ap- 
proximation to the objective (90, pp. 104-05). 

To control does nol mean to suppress or impose on the 
process a course that contradicts its nature. On the contra- 
ry, il implies that the nature of the process in question is 
taken into consideration to the maximum possible extent, 
and that each influence on the process is applied in accord- 
ance with the process’s own logic. In control of both the 
learning process or any other, freedom appears as con- 
sciously perceived necessity. 

All types of control may be divided into open loop and 
closed loop (cyclic) control. In the first case control pro- 
cecds without feedback and hence without a control of the 
course of the process by a control system. The second type 
presupposes both. It is a more effective method of control 
and is more characteristic of cybernetics. 

Closed loop or cyclic control may be carried out in dif- 
ferent ways: a) in accordance with the principle of a so- 
called black box, when the feedback and hence the control 
of the process respond only to ‘‘output” states, i.e., to the 
final oulcomes of the process in question (the causal path 
leading to the outcome remains unknown); b) in accordance 
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with the principle of a so-called white (or transparent) 
box. in that case the feedback relation includes informa- 
liun concerning ihe process through which the final out- 
come is achieved. 

In selecting a principle and type of control it is necessary 
to take a number of factors into consideration, includ- 
ing the complexily of the controlled process, and the extent 
to which the principles that govern beliaviour are in fact 
known. lorms of control of the “black-box” type are em- 
ployed only in those cases in which the desired inlorma- 
tion concerning the system, the influence of possible pertur- 
bances, etc., is unknown. And while individual authors 
(204) consider that it is control of the “black-box” type 
that is specilic to cybernetic regulation, most authors stress 
the limitations that derive lrom such an approach and the 
need to a transition, whenever possible, from an analysis 
of the control system at the macro level (in accordance 
with the principle of a “black box’’) to an analysis at the 
level of a micro or “while-box’”’ approach. In particular, it 
is noted that it is only when knowledge is available con- 
cerning a system’s structure and its transition states that 
it is possible to arrive at an optimal control of systems 
(94). 

in the case of education and training, the control ‘“ob- 
ject” is the human personality together with different types 
of human psycuic activity. In order to convey some 
notion of the complexity of these processes it is suflicient 
to note that the largest number possessing some real signifi- 
cance is the number of possible states of the human brain. 

In considering control principles it should be kept in 
mind that no unique correspondence exisls between in- 
fluences experienced by persons and their external responses. 
ln particular, subslantially different types of learning 
activities may produce identical answers on the part of 
students in solving a mathematical problem: in one case 
it may be the result of memory and in another, of inde- 
pendent thinking. It is also possible to obtain a correct 
result through erroneous actions. 

Since the principal task of instruction is the develop- 
ment of reasoned approaches to cognitive activities we 
must recognize that in this particular case control in ac- 
cordance wilh the principle of a ‘black box” will be in- 
ellective. Pedagogics must seck approaches to the control 
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of cognitive activities as a whole rather than only of its 
outcome. 

Individual actions of students are governed not only by 
current influences and by the current state of their psychic 
activity, but by their entire earlier history of learning as 
well. Beyond this, new intermediate variables develop in 
the course of learning that contribute additional elements 
of complexity. In control of learning activities it is there- 
fore important to consider all available psychological knowl- 
edge concerning such activities in order that these may be 
optimized. ilt is true, of course, that both psychology and 
the pedagogics are still some distance from a full under- 
standing of the principles that govern cognitive activities. 
But these are also far from being a ‘black box”: there 
exists a considerable aggregate of knowledge concerning 
their functioning and development. 

These observations indicate that with regard to educa- 
tion and training consideration should be given to closed 
loop or cyclic forms of control, based, whenever possible, 
on the ‘white-box” approach. This can be made possible 
by meeting the following system of requirements, which 
are derived from cybernetics: 1) the objective of control 
must be specified; 2) the initial state of the controlled pro- 
cess must be established; 3) a programme of control ac- 
tions introducing major transition states within the pro- 
cess must be designed; 4) access to information concerning 
the state of the controlled process must be organized in 
terms of a system of parameters, i.e., a systematic feed- 
back relation must be organized; 5) information received 
along feedback channels must be processed, and correcting 
(regulating) operations must be designed and _ imple- 
mented. ! 

These specifications call for the development of two 
types of control (teaching) programmes: basic programmes 
and correcting (regulating) programmes. The basic control 
(teaching) programme is designed before the control sys- 
tem begins to function. Its development takes into consid- 
eration the initial state of the controlled process and its 


' Robert Glaser (234) was one of the earliest authors who 
analyzed the teaching-learning process as an integrated system. 
Subsequently, a number of studies have elaborated upon that ap- 
proach (see, for example, 242; 308; and others). 
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qualitatively specific transition states (in the case of learn- 
ing this refers to the major stages of the knowledge-as- 
similation process). 

The regulating (correcting) programme is developed in 
the course of the control process (teaching). It is based on 
analyses of the data received along feedback channels. 

Let us consider these general specifications as they are 
applied to the teaching-learning process. 


1. The Objective of Control 
(Instructional Objective) 


Regulation is always goal-oriented or purposeful in na- 
ture. In some cases its goal is to support the controlled 
process (object) or else to maintain it either in an exogen- 
ously specified state or within specified boundaries. In 
other cases the objective of control is to change the state 
of the controlled process and bring it to a desired state. It 
is the second case that applies to instruction: the task of 
instruction is to bring about specific changes in the cogni- 
tive activities of the learner. 

At first the instructional objective must be analyzed at 
the macro level, by listing all those changes that must be 
effected in the students at the given stage of the learning 
process, or else as a result of studying the given subject. 
Several factors define the specific contents of instructional 
objectives. Above all these are the socio-historical and class 
conditions within which the person in question lives, the 
concrete possibilities that are available at each stage of the 
learning process, and the nature of the tasks for whose 
resolution he is preparing himself. Next a micro-level anal- 
ysis is needed. In specifying instructional goals at that lev- 
el the corresponding analysis must be carried to the point 
at which particular types of cognitive activities to be de- 
veloped are indicated and such pertinent characteristics as 
the degree of generalization and the level of automation. 
It is important to recognize that teaching is linked with 
all aspects of an individual's personality, and that aside 
from introducing changes in his cognitive activities it 
also influences their ethical, aesthetic and other ac- 
tivities. 
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2. The Initial State of the Psychic 
Activities of the Learner 


The state of preparedness of the learner encompasses not 
only intellectual and cognitive types of psychic activity, 
but olher aspects of his personality as well. As in the case 
of instructional objectives, an analysis of the initial stale 
of his psychic activities must be carried out at two levels: 
1) to establish the extent to which the psychic develop- 
ment of the learner matches the objectives that are specified 
for the given stage of learning or else in studying 
a particular subject; and 2) to establish the extent 
to which he possesses the specific type of knowledge 
and is engaged in the particular cognitive activities that 
are needed to develop the indicated type of cognitive 
activity. 

Naturally, a diagnosis of the general level of develop- 
ment of the learner is first carried out, and this establishes 
the degree to which he is in fact prepared for learning at 
the given stage or to study the specific subject. In estab- 
lishing the presence of prerequisite forms of knowledge 
and abilities two cases may arise: a) all required knowl- 
cdge and abilities are in fact present; b) a part of the re- 
quired forms of knowledge and abilities have not been de- 
veloped or not sufficiently developed in terms of the par- 
ticular indicators that the assimilation of new knowledge 
and abilities requires. In the first case, the teaching pro- 
gramme provides for the development of only those new 
forms of knowledge and abilities that are inferred from 
the instructional objective, while in the second, the 
missing elements are first developed, and only then 
en a shift to specified instructional objectives take 
place. 

An analysis of the initial state of psychic activity may 
also be carried out in order to establish the specific char- 
acteristics of the learner. The resulting findings are then 
employed to design individually adapted teaching program- 
mes that take the specific characteristics of the psychic ac- 
tivities of the student into consideration. In such cases, the 
role and forms of individual adaptation refer not to the 
contents of the teaching programme but to its mode and 
speed of exposition. 
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8. Basic States of the Knowledge- 
Assimilation Process 


The effectiveness with which teaching objectives (desired 
final states) are attained depends on a knowledge of the 
nature and sequence of major intermediate states (51). 
Accordingly, the learning process control programme must 
provide for the movement of types of psychic activities, 
which are to be developed, through major qualitative stages. 
It is only by analyzing the specific principles of the 
controlled process that the contents of these stages and 
their sequence may be identified. In our case this implies a 
knowledge of learning theory. It is the specific properties 
of individual stages in the process of knowledge assimila- 
tion that define the basic teaching programme and, to a 
large extent, the regulating programme as well. 


4. Feedback in the Teaching- 
Learning Process 


The concept of feedback relations in cybernetics is un- 
derstood in a number of ways. Some authors refer to it as 
a feedback influence of a process upon itself: it influences 
the external environment, which in its turn then begins to 
influence it in a new manner. The feedback relation is said 
to be positive when that influence produces increasing val- 
ues of the variables being regulated and is called negative 
when it causes them to decline. We find such an interpre- 
tation of feedback in works by S. Beer (204), P. Cossa 
(214) and others. In particular, Beer writes that the mean- 
ing of a feedback relation derives from the fact that ‘the 
move [of variables.—N. 7.] towards freedom from constraint 
itself operates the control: the two things are inexor- 
ably coupled” (204, p. 29). An essential characteristic of 
such an understanding of feedback is that the current 
course of the controlled process acts upon its future course. 
Such a meaning of a feedback relation includes not only 
the information concerning the current slate of the con- 
trolled object, but the subsequent corrective action by the 
regulating object as well. 

There is another interpretation of feedback in which its 
contents are limited to the stage at which information con- 
cerning the course of the controlled process is produced. 
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Thus, for example, N. Wiener states that the function of 
feedback relations is to record whether a certain command 
(programme) is executed or not executed (324). Liapunov 
and Yablonsky interpret feedback as information concern- 
ing the current state of a controlled system that is being 
channeled into a controller (95). A similar interpretation 
of the function of feedback may be found in a number of 
other studies. 

A number of facts provide support for such a view of 
feedback: in particular, the first interpretation of feedback 
assumes that direct mechanical linkages exist between reg- 
ulated objects and regulating ones (a type of Watt’s gov- 
ernor). I. B. Novik (110) rightly observes that the presence 
of such linkages is not a characteristic of cybernetic 
control. The specific characteristic of cybernetic control is 
that it is carried out with the help of signals conveying 
a certain information. But this does not necessarily imply 
that direct linkages exist between controlled objects and 
control objects. This refers, for example, to cases in which 
the controlled object is located at a great distance from the 
control object. 

Second, the functioning of the two stages of control that 
are present in the first interpretation of feedback may also 
be separately organized. Indeed, control activities are not 
always inferred solely from current information concerning 
the state of controlled objects. Control is often effected in 
the light of information that has been received earlier and 
that has been accumulated within the controller's memory. 
In such cases the acquisition of information concerning the 
course of a process within the controlled system is separat- 
ed from regulating (correcting) activities by such distinct 
stages as the taking of decisions and the design of imple- 
mentation algorithms. The transmission of information 
from controlled objects and subsequent correction process 
are thus by no means always directly linked. Beyond this, 
there are cases in which delays are deliberately introduced 
in individual stages of the control process: the collection 
of information concerning the controlled object may be 
separated in time from the process in which that informa- 
tion is employed in serving control objectives (8). Finally, 
corrections are not always needed in the course of control: 
in cases in which the controlled process is proceeding in 
accordance with a desired programme the controller will 
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not exert any additional influences. In such cases, the sec- 
ond stage of control will be missing but the acquisition of 
information concerning the progress of control docs take 
place. In view of these observations, we will limit the 
meaning of feedback to the acquisition of information con- 
cerning the course of regulated processes. ! 

We will view the correction of the assimilation process 
made on the basis of the utilization of this information as 
one of the distinct stages of control. 

In order to apply feedback to the learning process the 
following two problems must be solved. ? First, the contents 
of the given feedback relation must be determined. This 
refers to the specification of a set of controlled characteris- 
tics on the basis of both instructional objectives and of 
the selected psychological learning theory that provides a 
basis for designing teaching programmes. The relevant 
general rule is that those major independent process char- 
acteristics should be regulated and their aggregate changes 
will bring about a transition from one qualitative state to 
another. 

Second, the frequency of feedback must be established. 
It is generally accepted in cybernetics that the effective- 
ness of regulation activities is proportional to the frequency 
of control activities. An ideal case is one in which a so- 
called monitoring driven feedback exists. Attempts to me- 
chanically apply this proposition to learning processes have 
not been successful, for in principle, in the case of learn- 
ing processes control operates as a reinforcement function 
as well as a feedback one. It is also influenced by tho stu- 
dent’s motivation sphere (168). 


' In principle the term “feedback” may be given the first inter- 
pretation, ic., it may refer to both indicated stages of control. But 
it would then be necessary to introduce a separate term to refer to 
the stage at which information concerning the controlled object is 
collected. 

2 The concept of feedback is associated with the emergence of 
cybernetics (1948). Norbert Wiener introduced that concept on the 
basis of a generalization of findings relating above all to the ficld 
of radio technology and the theory of automatic regulation. But 
physiologists and psychologists were aware of the need for fced- 
back in the behaviour of animals and in human activities much 
earlier. In descriptive terms its importance was noted already in 
the nineteenth century (see, for example, the experiments of 
G. M. Stratton in 1896 and 1897) (310). This was carried to the 
level of a theoretical analysis in the studies of E. Thorndike Or: 
I. P. Pavlov (117), P. K. Anokhin (4), and N. A. Bernstein (10; 12 
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5. The Regulation (Correction) 
of Teachino-Learning Processes 


Information concerning the teaching-learning process 
that is received throuch feedback channels makes it possi- 
hle to introduce appropriate corrections. From a cybernetic 
point of view regulation (correction) may be carried out 
in three wavs: 1) responses to anticipated changes in the 
situation (in such a case activities that are harmful to the 
system are anticinated in terms of indirect attributes and 
an appropriate restrneturing af the programme takes place): 
2) responses to chapees in a situation  (nrocrammes 
are corrected in accordance with changes in conditions 
bearing on the svstem’s operation: in both. corrections 
make it possible to avoid deviations in the regulated pro- 
cesses. since this is carried ont before changed conditions 
have time to bring abort harmful inflnences): 3) resnonses 
to errors (in such eases there are deviations in the pro- 
cess’s course under the influence of particular perturbances 
and corrections are then introduced in accordance with the 
nature of the deviations. that is. on the basis of an anal- 
vsis of the corresponding errors). 

In principle. all three methods may he applied to the 
rerulation of learning processes. In the practice of pro- 
grammed instruction, however. corrections are usually based 
on the third method. namely. resronses to errors on the 
part of students. Changes are entered into programmes that 
reflect the nature of such errors and are intended to over- 
come their effect. In programmed instruction this method 
of correction is preferred because the corresponding feed- 
hack relation eae then he based on a single parameter. 
namely, the extent to which the as-‘ignments of students are 
being carried out. Naturally. when this tvpe of feedback is 
emnloyved other tvpes of correction are not possible. Their 
use reqnires that the content and basic system of charac- 
teristics of comnitive activities leading te the narticular 
anewer be controlled. In addition. thev require a knowl- 
ede of the locie that governs the development of these 
characteristics, Le. the basic transition states in their emer- 
gence. : 

Tt should also be noted that the correcting of programmes 
may be carried ont not only when errars have heen 
recorded or are anticipated but also when they are absent, 
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as well as in cases in which there are no signals concern- 
ing their possible appearance. Let us clarify this. The spe- 
cific characteristics of teaching as a reculation system con- 
cerns, shove all, the circumstance that the regulated object, 
namely. the learning. assimilation process, is always car- 
ried out by a particular person. The complexity and multi- 
Plicity of personal factors are so great that they cannot be 
taken into consideration fully in designing the basic pro- 
gramme. In the context of mase instruction the hasie teach- 
ing programme may at hest be adanted to a certain svs- 
tem of typical characteristics that are appropriate to a spe- 
cific group of learners. In contrast to this, in the process of 
teaching particular individuals. certain additional charac- 
teristics mav be identified that may make it possible for 
such nersons to achieve the specified objective more rapid- 
Iv. For example, a teaching programme for a given stage 
of assimilation may provide for a specific number of tasks. 
For some of the students. however. it may he sufficient to 
carry out only some of these tasks in order to complete the 
corresnonding stage. Obviously, it is appropriate to carry 
out a correction of the programme for these individuals bv 
reducing the number of tasks for the given stage and 
shifting the process of assimilation to the next stage. We 
thus see that corrections may indeed he carried out in sit- 
uations in which there are no errors and when the proba- 
bilitv of their appearance is, in effect, zero. 

The concrete contents of regulating activities are detor- 
mined, first. bv the nature of the information that is reccived 
with the heln of feedback. and second. by the internal 
logic of the Jearning process. Since in pedagogics and psy- 
chology there exists a variety of views concerning the logic 
of the learning process, the manner in which that problem 
will be met depends on the particular theory that is ac- 
cepted. As a result. for a given instructional goal, the the- 
arv that is selected will define both the specific set of chor- 
acteristics that are recorded with the help of feedback and 
the svstem of reculating activities. The prohability of achiov- 
ing an obiective then naturally denends on the extent 
to which the selected theory corresponds to the actual na- 
ture of the learning process. 


6. The Control Theory Requirements 
to Learning Theory 


The analysis of instruction as a specific type of regula- 
tion shows that the specific characteristics of that process 
call for a cyclic (closed loop) regulation of the ‘“white- 
box” type. In order to carry out such a form of regulation 
a theory of learning must possess data needed to solve 
the following tasks: 

1. A precise identification of the object (process) to be 
controlled. In the light of the principles of Soviet psychol- 
ogy it is possible to say that this is the process of assi- 
milation (‘‘acquisition”, according to Leontiev) of different 
types of activities by the learner, and above all of cognitive 
activities. 

2. An identification of a system of independent charac- 
teristics (variables) describing the object of regulation. A 
knowledge of such a system of variables is needed both in 
order to determine the content of information that must 
be received along feedback channels and to effect correct- 
ing activities. 

3. An identification of the basic transition states (basic 
stages) of the process being regulated. It has already been 
noted that control in accordance with the principle of a 
“white box” may be carried out only when knowledge is 
available concerning the transition states of the process 
under consideration. A knowledge of its major states makes 
it possible to design a control programme that corresponds 
adequately to the nature of that process and to the logic of 
(ransitions from one qualitative state into another. 
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Thus we see that an analysis of the methodological and 
cybernetic requirements shows that in order to follow the 
course of development of programmed teaching, a theory of 
learning is needed that will view learning as the devel- 
opment of cognitive activity on the part of students and 
that possesses a system of independent characteristics for 
that activity as well as a knowledge of major stages in its 
development as transitions from the sphere of social expe- 
rience to that of individual experience. There is only one 


58 


theory that meets these requirements, namely, the theory 
of a stage-by-stage development of mental actions proposed 
by Galperin in the early 1950s which has been elaborated 
further by his disciples and followers. We therefore believe 
it is appropriate to begin a comparative analysis of contem- 
porary theories of learning with a presentation of that par- 
ticular theory. 


Chapter Two 


THE THEORY 

OF A STAGE-BY-STAGE 
DEVELOPMENT OF MENTAL 
ACTIONS 


That theory views learning as a system of specific types 
of activities whose execution produces new knowledge and 
abilities. ‘Let us agree to denote by learning any activities 
that develop new knowledge and abilities in the individual 
who carries them out, or else cause old knowledge and 
abilities to acquire new qualities” (39, p. 15). In its turn 
each type of activity associated with learning consists of a 
system of actions that are integrated by a common motiva- 
tion and. when taken together, result in achieving the ob- 
jective of the corresponding activity. 

An analysis of learning should begin with an identifica- 
tion of the activity that the student should carry out in 
order to solve a particular task. Then it is necessary to 
identify its component actions, and then to undertake a 
structural and functional analysis of the contents of each. 

The central link in that theory are actions that represent 
integral elementary units of learning activity as well as of 
any human activity. It is thus at the level of actions that 
we will analyze the theory under consideration. 


§ 1. The Structural and Functional 
Components of Actions 


It has already been noted that the execution of an ac- 
tion by a subject always presupposes a specific objective, 
which is itself achieved on the basis of some motivation. 
Actions are always directed at material or else ideal ob- 
jects. The effecting of actions by a subject presupposes that 
the latter possesses a specific conception concerning both 
the action and the conditions under which it is carried out. 
The subject of actions is the carrier of the actions being 


60 


considered. Finally, all actions include specific aggregates 
of operations that are carried out in a specified order and 
in accordance with a particular rule. A consistent execution 
of operations constitutes a process of action execution. 

{n the theory being considered the image of the action 
and that of the environment within which the action takes 
place are combined into an integrated structural element 
which guides the control of action and is called the orient- 
ing basis of actions (35; 36; 42). This must be distinguished 
from the system of conditions that are objectively re- 
quired in order that an action be carried out successfully. 
Such a system of conditions includes: a) the specific char- 
acteristics of the objective and of the object of the action; 
b) the nature and sequence of operations included in the 
action; c) the specific characteristics of the instruments 
that are employed (38, p. 29; 39, p. 16). These conditions 
influence the effectiveness of actions independently of 
whether or not the student is aware of their importance. 
Thus, for example, in playing chess the effectiveness of a 
move is objectively determined by the extent to which it 
leads to interactions among figures that result in a control 
of fields on the chess-board. 

The orienting basis of actions refers to that system of 
conditions upon which persons rely in fact in guiding their 
actions. This may or may not coincide with what is objec- 
tively appropriate. Frequently a person takes into account 
only a part of the objectively relevant conditions and occa- 
sionally he includes into the orienting basis of his actions 
others that are irrelevant. For example, in solving the prob- 
lem “construct four equilateral triangles from six matches 
without breaking a match” many persons add to the orient- 
ing basis of their actions the requirement “carry this out 
on a single plane’, even though such a condition was not 
in fact specified. 

Let us recall (see Chapter One, § 1) that the concept of 
an activity refers to a process of solving the problem of 
human existence that is motivated by the particular objec- 
tive that it seeks to achieve. The action is motivated not 
by the objective itself but by the motivation of the activity 
to which it relates. Operations are procedures through 
which actions are carried out. It follows that the solution 
of a problem in arithmetic, for example, will be an activi- 
ty if its motivation and objective coincide. In particular, 
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the addition of two mulliplace numbers that the student 
carries oul in the course of solving that problem will be an 
action, while the addition of units or tenths within these 
numbers will be operations. Under such an interpretation 
actions and operations are relative concepts. ‘That which 
will be an action at a particular stage of learning will be 
an operation in another. Beyond this, actions may be 
transformed into activities and conversely. If, for example, 
a student initially engages in learning without interest and 
is guided only by a feeling of duty, a commitment to learn, 
or else an understanding of the impossibility of solving 
other more interesting problems without first solving the 
ones in question, then the process of solving each of these 
problems is an action. But if at some stage he becomes in- 
terested in these problems for their own sake, and if a cog- 
nitive interest emerges in relation to them, then the pro- 
cess of carrying out the same tasks will become an activi- 
ty, since the corresponding motivation has now shifted to 
the objective and has begun to coincide with it. Should 
these stages be experienced in the reverse order, the stu- 
dent would effect a transition from activities to actions. 

Since in the sections that follow we will not consider 
specific correspondences of motivations and objectives in 
the solution by the learner of particular problems we will not 
insist on a rigorous differentiation between processes con- 
stituling actions and others that are activities. This does 
not, of course, mean that we consider this distinction to be 
unimportant. On the contrary, we fully understand the sig- 
nificance of an interest in cognition for effective learning. 
Our analysis, however, will be primarily concerned with 
the level of actions. 

In terms of the distinct functions that they perform three 
components of actions may be distinguished, namely, those 
that are concerned with orientation, execution and control. 
Galperin observes that ‘each human action contains an 
orienting, executing and control component” (35, p. 34).! 
The orienting component of an action is associated with 


‘In some of his studies, Galperin sometimes distinguishes be- 
tween only two major components of actions, namely, the orienting 
and the executive one, and then divides the orienting component 
into SHicsomiponen’s concerned with orienting proper and with 
control. 
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man’s use of the set of objective conditions that a success- 
ful execution of the given action requires, and which have 
been incorporated into the contents of the orienting basis 
of the given action. The executive component is an ac- 
tion’s working part that produces the required transforma- 
tion in the object of actions (ideal or material). The con- 
trol component of an action is concerned with monitoring 
the course of actions and with comparing the resulting 
outcome to specified reference standards. It makes possible 
the corrections that are needed in the action’s orienting 
and executive components. 

These components vary in complexity and in scope. All 
three, however, must be present simultaneously in all ac- 
tions since without them actions cannot be carried out. 
Thus, any human action represents a certain control micro 
system that includes a “control organ” (the orienting com- 
ponent of actions), an executive organ or ‘working organ” 
(the executive component of actions) and a mechanism for 
monitoring and comparing (the control component of ac- 
tions). 


§ 2. The Characteristics of an Action 


“Human actions always occur at some specific level; 
...an action always possesses a specific measure of gener- 
alization, its operations vary in intensity and they produce 
various degrees of assimilation” (38, p. 10). Thus, any 
action by a subject may be described by noting the extent 
to which each of its principal characteristics is developed. 
An action’s independent characteristics (parameters) in- 
clude: its form, level of generalization, comprehensiveness, 
and the extent to which it is mastered (automated, rapid, 
etc.) (32; 36). 

An action’s form characterizes the extent (level) to 
which it is inherent in the subject. It is the principal as- 
pect describing changes in actions as they are transformed 
from external (material) actions into internal (mental) 
actions. In short, an action’s form characterizes the extent 
to which it is internalized. In such a context three major 
forms of action are distinguished: material, that of exter- 
nal speech, and mental. In addition, the materialized form 
is distinguished, which is close to the material one, as well 
as the perceptual form, which is intermediate, as it were, 
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between the material (or materialized) form of actions and 
the form of external speech 

Material aud materialized turms of activos are the initial 
oucs. At that slage the object of action is conveyed Ww stu- 
deuts either in the torm otf real objects (the material form) 
or else in the lorm of models, diagrams, sketches (malo- 
rialized form). Lo both cases aclious are carried out as ac- 
lions producing real translormalious, lu the case of a pri- 
mary school the material form o1 actious may be couveyed 
in terms of the size of an object or the oumber of objects. 
An example of materialized actious is the action of count- 
ing representations of objects and diagrams (for example, 
a child may be engaged in learning to count circles or 
sticks drawn in a textbook with the help of his lager). 
‘The material and materialized forms of action make it 
possible for students to idenlily the contents of actiou— 
its component operations, the sequeuce in which they are 
executed, elc., as well as to control the execution ol each 
component operation. 

Perceptual actions refer to an ability to see and hear. 
An example is the visual counting of objects. While the 
objects of these actions are external material objects or 
models and diagrams (materialized objects) they do not 
experience any transformation as a result of perceptive 
operations: the latter are theorctical actions. ‘The percep- 
tive form of actions results {rom transformations of material 
or materialized actions (38). 

The action in the form of external speech is characterized 
by the fact that its object is presented in the form of such 
speech, whether oral or written, and the process of trans- 
formation of that object also occurs in the form of external 
Speech, namely, in the form of oral discussions or else by 
recording their course.' In such a form actions become 


' Galperin refers to that iorm as the voiced verbal form (/bid., 
p. 10). In view of the findings of subsequent studics, however (see, 
lor example, 18), in which written material was successfully cm- 
ployed, which is, like oral speech, a type of external speech, we 
believe that these two forms should be combined aud called exterual 
speech forms. ‘the voiced verbal form is one of two types of actions 
in the form of external speech. In the works of Galperin the record- 
ing of elements of actions in written words is viewed as a method 
for their materializalion (see, for cxample, 38; 41; aud others). 
In our own view il represents a specific type of actions in the form 
of external speech, although we do agree that in that form objectili- 
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theoretical ideal but not yet inaccessible to external objec- 
tive observations. 

Mental forms of actions refer to cases in which actions 
are carried out within one’s mind and their structural cle- 
ments are ideas, concepts, and mental operations. The pos- 
sibility of carrying out an action entirely in a mental form 
indicates that the action has completed the full course of 
internalization, and that it has transformed from an ex- 
ternal action into an internal one. 

Either all structural elements of an action, or else only 
some of them may be represented in each of these forms. 
Consider, for example, the case in which a person multiplies 
two numbers in his mind. In that case the entire action is 
effected in a mental form. This is the “pure” form of ac- 
tions. If, on the other hand, the person is working at a 
lathe, for example, then the executive part will be external, 
material, orienting operations may be perceptual in form, 
or else in the form of external speech, or else still in a 
mental form, while the object of the action is external, ma- 
terial. The action will then no longer be “pure” in form. 
Its form is determined by that one in which the object, 
experiencing the action, is represented, and especially the 
operations that transform the object.' For example, in our 
case the object of the action is represented in a material 
form, while executive operations are real transformations, 
and hence the form of the action itself is material. If, on 
the other hand, executive operations are carried out visually 
(through the eyes) rather than by hand, we will call the 
action perceptual. Both material and perceptual operations 
can be carried out only if material or else materialized 
objects of actions exist. They may not be combined with 
other forms of objects. Similarly, we will consider an action 


cation—the external representation of actions—is more clearly ecx- 
pressed than in the form of verbal speech. We base our view on the 
fact that written speech, too, is speech. 

' Galperin assures that “so long as remaining operations require 
even negligible material supports, actions are held up at the material 
(or else materialized) level” (96, p. 452). If we accept that criterion, 
however, we will not be able to distinguish between the material 
(materialized) form of an action and the perceptual form, sinco 
material supports exist in both cases, These cases differ, however, 
in the form in which operations are carried out: in the first case 
these are operations of the hand that carry out real transformations, 
while in the second ease these are ideal operations of the eye. 
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to be an external verbal one when executive operations pos- 
sess an external verbal (spoken or wrilten) form, 

An action’s degree of generalization characterizes the ex- 
tent to which those properties of the object that are es- 
sential for carrying out a given action are distinguished 
from others that are non-essential. 

An action’s comprehensiveness indicates whether all oper- 
ations that are originally included into an action are in fact 
carried out. As an action develops the number of operations 
that are carried oul is reduced and the action becomes con- 
densed. 

The extent to which action has: been mastered includes 
such characteristics of actions as the ease with which they 
are carried out, the extent to which they are automated, 
and the rate with which they are performed. Initially, each 
operation within action is consciously distinguished and 
carried out slowly, but gradually the action is automated 
and the rate of execution is increased. 

These characteristics of action are called independent: 
none of them follow from others. This means that as action 
develops, specific conditions are required for the emergence 
of each of them. 

That group of characteristics may also be called the group 
of primary characteristics. In addition, actions posses a large 
number of secondary properties tha tdepend on the pri- 
mary ones and follow from them. These include the reason- 
ableness of actions, the conscious character of actions, and 
certain others. 

The reasonableness of action is determined by the im- 
portance of the conditions on which the acting person 
orients himself. It is determined, first, by the content of 
the orienting basis of action: this must include significant 
conditions. Second, it is determined by the extent to which 
the action is generalized: the greater the measure of gener- 
alization, the more it is reasonable. The reasonableness of 
actions depends on the comprehensiveness of their initial 
forms: as the action presented to the learner is more com- 
prehensive it becomes easier to assimilate its logic. 

The conscious character of actions means not only the 
possibility of an action being carried out correctly but that 
it may also be justified in verbal form in terms of its ap- 
propriateness: the person performing the action may also 
be aware of what he is doing and why (389, p. 16). 
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The degree to which action is consciously executed de- 
pends on the comprehensiveness of its representing in an 
external verbal form and on the quality of the process 
through which that form of action is assimilated. 

While Galperin usually considers only these two secon- 
dary characteristics of actions it is possible to add several 
others, including the degree of their abstractness and their 
resilience. 

The abstractness of action refers to the possibility of 
executing it in generalized form without support from the 
relevant objects’ sensory contents. It is evident that this 
property results from a change in the action’s form, namely, 
from bringing all its structural elements to the mental 
stage. In such a case the objects of actions, the content of 
their orienting basis as well as apparently their outcome 
(objective) must be represented in terms of concepts. In 
addition, action must be generalized, i.e., must be processed 
along the parameter of generalization. 

The resilience of actions refers to the possibility of exe- 
cuting them sometime after their development. It results 
from their generalization and automation. 

Let us consider these major characteristics of actions 
more closely. 


1. The Forms of Actions 


The initial form of action may be either material or else 
materialized. The difference between these two forms does 
not concern their operational aspect: in both cases operations 
are carried out manually and are material in form. It con- 
cerns primarily the nature of the object to which actions 
relate. In the case of materialized forms, the relevant objects 
of actions are surrogates and models of the original objects. 
Of course they may replace real objects only when they 
contain those of the aspects that are the objects of assimi- 
lation. Leontiev distinguished between objects in a more 
general sense and objects of action. Objects of action are 
those aspects of an object, that aggregate of properties, to- 
wards which action is directed (84). 

Accordingly, any substitute for the object itself must ei- 
ther contain the object of action within itself or else simply 
be that object. A second requirement is that the object of 
action must be represented in a visually perceivable form. 
In the case of drawings and sketches this requirement is 
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met by the fact that they are methods for representing 
objects that are visually perceivable. The situation is some- 
what more compley in the case of models, for the concept 
a “model” possesses a number of meanings.' V. A. Shtoff 
(186) defines that concept as follows: a model is a 
thing that is similar to another thing in some respect. It 
is in that sense that we ourselves use the term ‘model’. 
Shtoif writes that a model is always some concrete con- 
struction that lends itself to some measure of visualization, 
is finite, and lends itself to examination or else practical 
actions. A model represents an object in a simplified, ab- 
stracted form. The extent to which a model may be visual- 
ly perceivable may differ. In some cases those of its ele- 
ments that lend themselves to sensory perception make it 
possible to construct a sensory image of the object being 
modelled. Such models are needed in cases in which these 
elements themselves, that is those of their properties that 
are conveyed in sensory form, constitute the object to be 
assimilated. But it is also possible to employ models whose 
elements possess no similarity to the elements of the object 
being modelled; only relations among these elements must 
be represented in a visually perceivable form. Such models 
are employed in cases in which it is not the elements from 
which the object is constructed that constitute the object 
of assimilation, but rather relations among them (for exam- 
ple, spatial relations). 

Accordingly, when we refer to the visually perceivable 
property of objects we have in mind not the object as a 
whole, but those of its aspects and properties that are to 
be studied, i.e., the object of assimilation. This makes it 
possible to employ several types of models: a) models that 
are geometrically analogous to the objects being modelled 
(molds, spatial models of molecules, crystals, etc.); b) mod- 
els that reproduce the dynamics of processes being studied 
rather than geometric, spatial relations, as well as different 
relationships, linkages and structures (such models are char- 
acterized by a physical similarity to the object being mod- 
elled and by an identity of the principles that govern their 
behaviour); and c) models that do not possess either phys- 


' In the literature of modelling, sketches and figures as well are 
ee as models. See, for example, B. A. Glinsky’s book (52) and 
others. 


ical or geometrical similarities with corresponding objects. 
In such cases relations of cither structural or functional sim- 
ilarity exist between such models and the corresponding 
real objects. The selection of a particular type of model is 
determined by the instruction goal, namely, by what is 
identified within the real object as the direct object of as- 
similation. Models that are employed in order to materialize 
actions must be isomorphic to the object being modelled, 
i.e., a mutual one-to-one correspondence must exist between 
the model and the corresponding real object with regard to 
those properties that constitute the object of assimilation. 

It should also be noted that in the assimilation of ma- 
terialized forms of actions models may replace not only the 
objects of action but also objects that enter into the content 
of the action’s reference pattern (orienting basis). In such 
cases models frequently serve as generalized patterns of 
that aspect of the object which is to be assimilated and 
that must be identified within the real objects being sub- 
jected to analysis. In other words, the model includes the 
object of assimilation within itself. For example, in a study 
by L. I. Aidarova (2), a spatial-graphic model that is iso- 
morphic to the morphological structure of individual words 
is employed as a reference pattern for assimilating the 
morphological structure of words and the functions that 
each part of the word may perform. This is an elongated 
rectangle divided into as many smaller rectangles as there 
are morphological units in the word. Jn analysing the pro- 
posed word, the student “superimposes”’ this reference mod- 
el on the word and identifies existing structural elements. 
In the above-mentioned study the model was presented in 
the form of a figure, it may also be constructed in such a 
way that the corresponding operations may be carried out 
manually. 

In analyzing an action’s initial form it is important to 
establish the relative effectiveness of the material and ma- 
terialized forms, and within the latter, the effectiveness of 
various types of materialization. Second, it is important to 
establish which structural elements within the action should 
be materialized first. 

The theory under consideration is not vet able to provide 
comprehensive answers to these questions: these problems 
are still being studied. As an example. however, we will 
consider a study that we carried out together with V. V. Niko- 
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layeva (172). The experimental material related to ele- 
mentary geometric concepts and two initial forms of actions 
were compared, namely, a) actions all of whose major links 
are material; and b) actions that are materialized and whose 
type and extent of materialization differed in the first and 
second group. The experiment involved thirty average fifth- 
grade students who had not yet studied geometry (ten per- 
sons in each of the three groups). 

In the first group, real objects were employed as objects 
of action (tables, books, etc.) and a reference set of at- 
tributes was also identified with the help of real objects 
(for example, the edge of a book represented a straight 
line). In the second group, geometric models were employed 
as objects of action and reference patterns. For example, 
the edge of a ruler was employed as a reference pattern for 
a straight line, and a model of a right angle was employed 
as a reference pattern for a right angle. The matching of 
objects with reference patterns was carried out in both 
groups by placing the appropriate reference pattern on the 
object. In the third group, geometrical sketches were em- 
ployed as objects of action and reference patterns. Com- 
parisons of objects of action with reference patterns could 
be effected only visually. In all three groups in describing 
the action the person leading the experiments specified the 
necessary sufficient attributes for the corresponding con- 
cept, pointed to their presence in the reference pattern, and 
demonstrated the method for employing them in associat- 
ing objects with the corresponding concepts. 

In developing the initial form of the action, assignments 
given to each group were similar in content and in dif- 
ficulty. Subsequent forms of action were identical for al] 
groups: all students performed the same tasks in the same 
forms. 

The following concepts were considered: straight line, 
angle, perpendicular, adjacent angles. Following a series of 
introductory learning sessions students from all groups were 
given identical check tests. This called for naming objects 
containing familiar configurations, to show familiar configu- 
rations in objects presented by the experimenter. to repre- 
sent a figure in different spatial positions, and to find fa- 
miliar figures within other figures. In addition, it was pro- 
posed to solve without assistance several problems calling 
for an application of the concepts that were developed. 
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No sharp differences were found to cxist among the 
groups. In all groups the overwhelming majority of tasks 
were carried out correctly (see Table 1). 


Table 1 
Number of 

Numb ft 
Group Number of correct incorrect 
number problems solutions solutions 
to problems ( ce t) 

(per cent) percen 

] 630 94.3 5.7 

YW 630 92.7 7.3 

Tit 630 86.5 13.5 


We see that learning was most effective in the group in 
which students were shown real objects (Group I), while 
students who were shown only drawings (Group III) ex- 
perienced most difficulties. More than half of the errors, 
moreover, occurred in assimilating the initial (materialized) 
forms of actions. Since both the objects of action and the 
reference patterns were provided in the form of drawings, 
students were able to effect comparisons only visually, and 
there was no actual placing of reference pattern on the 
object. In a number of cases students in the group mani- 
pulated the card containing the reference pattern in such 
a way as to match it with the spatial position of the draw- 
ing representing the object of action and sought to identify 
the desired configuration with their finger. This indicates 
that it is the operational part that plays the role of a lead- 
ing link and that this is the part that should always be rep- 
resented in a material form (be subjected to manipula- 
tion). But this, in turn, imposes specific requirements in 
relation to the reference pattern and the object of action: 
at least one of them must be represented in a form that 
lends itself to manipulation. This requirement was met in 
the first two groups, but not in the third. 

All students carried out the tasks that were specified in 
the series of check tests. Each was asked to identify the 
objects corresponding to specific concepts and to relate ob- 
jects and images selected hy the cxperimenter to correspond- 
ing concepts. But students from Group TIT (“drawings’’) 
were less successful than those in the other groups: the 


rb | 


number of objects that they identified was smaller and they 
were slower in identifying familiar figures from among 
those that were shown to them. 

Members of that group were also less successful in all 
other respects, and the nature of their errors showed that 
they were not fully aware of the nature of the essential at- 
tributes of the concepts being considered and of the differ- 
ences among them. 

Thus, this study has shown that the materialization of 
the structural elements of actions must be carried out in 
such a way as to make possible a material execution of 
operations. As for the selection of the type of materializa- 
tion, this was not a significant problem in the present 
case. 

This view is also confirmed by the findings of another 
study (165) in which types of materialization (sketches. 
models) were varied in specifying the orienting basis of 
action. This influenced neither the formation of concepts 
nor the final outcome. 

Nor did shifts from a material lo a materialized form of 
presenting objects produce any substantial difference. There 
was, however, one important change: the group working 
with real objects was approximately 20 per cent less suc- 
cessful in carrying out the check tests. which called for 
the representation of geometric figures in various spatial 
positions. These were not sketches of geometric figures, but 
drawings of real objects. 

This may be explained as follows: those students who 
were working exclusively with real objects and did not 
possess reference patterns in which the objects were pre- 
sented in abstract forms were unable to distinguish between 
the reference patterns and other properties of the object. 
The object itself thus remained merged, in effect, with these 
properties. The instruction goal merely called for establish- 
ing the presence (or absence) of essential object attributes, 
but not for abstracting them from the properties of the 
object and representing them in a “streamlined” form. That 
is a distinct problem whose solution is more or Jess difficult. 
depending on the initial forms of action. It would appear 
that the process of distinguishing desired objects within 
concrete real objects is facilitated by the use of reference 
patterns in which the separation of objects from many other 
properties may be studied. 
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That an ability to abstract: particular properties of objects 
does not always develop spontaneously is also indicated by 
findings of other experimental researchers showing that 
problems are solved more easily when they relate to ab- 
xtract rather than to real objects. For example, Vo 1. Ya- 
roshehuk (196) has shown that problems in arithmetic pos- 
sessing an abstract content are solved more easily than ap- 
plied problems. Similar findings were obtained — by 
R. G. Natadze (106), 1. A. Fleshner (179) and P.M. Ya- 
kobson (194). 


In this connection it is important fo note that carter expori- 
mental strdies on the basis of the theory under consideration did 
not provide for a complete materialization of actions (164; 50), 
First, in developing geometric concepts the problems were present- 
ed in written form and were accompanied by sketches. But these 
sketehes did not always correspond to the conditions described in 
the problem. As a result, the students found it necessary to apy 
attributes not to the sketch but to the written conditions. Tn short, 
the object of actions appeared in the form of written speech. Sec- 
ond, the attributes were written on cards. Bul) cards make il pos- 
sihle to materialize only the sequence in which attributes are ap- 
plied. The attributes themselves are provided ino an external form 
that is neither material nor materialized but verbal. While wril- 
ten texts make it) possible to objectify the content of attributos 
more fully than spoken words, they remain verbal as FB. N. Kaba- 
nova-Meller (72) correctly observes. Ino situations in) which both 
ohjects and reference patterns assume such a form material forms 
of operations are not possible. Finally, these studies did not. pro- 
vide for a materialization of cither the logical rules for associating 
objects with concepts or of instructions relating to the sequence 
and content of the operations to be carried out. Both are included 
in the content of the orienting basis of the action of associating 
objecta with concepts. 

Tt does not follow, however, that attributes noed not bo record- 
ed on cards when thoy aro presented in the form of modols. Tn 
the study mentioned carlicr (172) students in each of the threo 
groups were further divided into two sub groups, one of which 
was given cards with lists of attributes that were essential for the 
given action (sub-group A) while the other (B) was not, 

It was found that within all groups tho results of sub-group A 
were somewhat better than those of sub-group B. This was espo- 
cially pronounced in the caso of the third group (“drawings”). 
In the course of the learning process sub-group A made only one 
half as many orrors as sub-group B (29, as opposed to 56), This 
is because models of attributes that are not supplemented by verb- 
al forms of representation do not produce the required effect. Tn 
the cave of Bosnb groups, the experimenter initially found it nec- 
eseary to remind students of relevant object attributes and of the 
order in which they should be applied, ie. to supplement the mod- 
el with oral, verbal representations, The differences between these 
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sub-groups thus actually show the relative effectiveness of the 


written aud ora! form of verbal supplements to materialized ref- 
erence patterns of attributes. 

It showid be noted that the role of speech is not limited to ref- 
erence patterns. The verbal form must accompany the entire 


process through which actions are carried out in their initial form. 
Material (materialized) and verbal forms of action proceed in par- 
allel, as it were. In the material (materialized) form the speech 
form is developed simultaneously. Only then is it possible to shift 
to veroel forms of action and to gradually emancipate actions 
from materialization. 


The external speech form is the second one in the process 
of an internalization of actions and their transformation 
into mental form. 

In the early stages of development of the present theory 
only the voiced form of action was considered. More recent- 
ly, as studies have moved beyond the stage of laboratory 
experiments, the written version of speech has been em- 
ployed. This is especially true of the studies of M. B. Vo- 
Jovich (18) of the development of elementary geometric 
concepts and actions. That experiment demonstrated that 
the organization of external verbal actions in written form 
makes it possible to produce well-developed concepts and 
well-developed mental actions. But there are still no data 
for a comparative analysis of these two types of external 
verbal forms of aclion and for identifying the specific course 
of each. 

The written form can, of course, be employed only after 
a person has mastered the corresponding written language. 
Accordingly, in the case of preschool-age children and of chil- 
dren from primary grades the form employed is usually the 
spoken form. In that form “speech becomes a carrier of the 
entire process, that is, of both the problem and of the cor- 
responding action” (36, p. 454). 

Speech actions are reflections of material or else material- 
ized actions. Their object-related contents remain the same 
(for example, addition with the help of sticks and verbal 
count), while their form experiences a qualitative change. 

Galperin observes that in assimilating this new form of 
action the student must oricnt himself both on its object- 
related contents and on the corresponding verbal expres- 
sion, Should the integral unity of these two aspects of verb- 
al action be violated, the action will be defective. An orien- 
tation on the verbal form alone produces formalism in the 
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assimilation of knowledge and of skills. If, on the other 
hand, the student is guided only by an object-related cun- 
tent that is not reflected verbally, he will be able to solve 
only that set of practical problems for which orientation at 
the level of perception is sufficient. In such cases, an ability to 
reason and to give substantiation to the conceptual basis of 
obtained solutions will not develop (/bid., p. 455). 

Formalism of verbal actions usually occurs in cases in 
which the verbal form is introduced without the material 
one (or materialized one). Formalism may also occur in 
cases in which the verbal form is not produced by an as- 
similation of the material (materialized) forms, but im- 
mediately replaces it. Finally, in cases in which the mate- 
rial (materialized) form of action is assimilated separately 
from the verbal form and is not replaced by the latter in 
time, an automation occurs of the actually insufficiently 
comprehensive material (materialized) form, which then 
becomes habitual and tends to limit the activities of stu- 
dents to the sphere of practical problems. 

The development of a comprehensive verbal form of ac- 
tion presupposes a definite level of generalization of its 
material form. In particular, this means “that traits and 
properties that are essential for the action and represent 
its specific object are distinguished within the concrete con- 
tents of real objects” (/bid., p. 456). It is only then that 
a transformation of actions into a verbal form is possible: 
the properties that have been selected are consolidated in 
words and become their meaning. At that point a separation 
of these properties from objects becomes possible, as does 
their use as abstractions and as comprehensively developed 
verbal objects. Entire actions follow a similar course. “It 
is only because words possess a material foundation and in 
this sense are material things (not merely material, but also 
material) that students may exert actions upon them (and 
through them upon their meaning) just as in the case of 
any material object” (/bid.). Finally, it is important to em- 
phasize that a shift of actions to the verbal form refers not 
to an ability, to describe, but rather to an ability to carry 
out actions in verbal form. In learning how to multiply, a 
child must verbally carry out operations of multiplication, 
i.e. solve the corresponding problem hy carrying out the 
action being developed in verbal form, rather than describe 
how one multiplies two numbers. 
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The mental form of action is the concluding one in the 
transformation of actions from external to internal ones. A 
clarification of that form of action may be appropriate, since 
the content of that concept is not always correctly under- 
stood. In particular, there are references in the literature to 
the incompatibility of the following aspects of mental ac- 
tions: a) the psychic reflection of external material actions, 
b) actions directed at images of external objects and of ex- 
ternal phenomena, c) an ability to carry out specific object- 
related actions in one’s mind (151). Actually, all these as- 
pects of mental actions are fully compatible with each other. 
The first emphasizes the point that in terms of their origins, 
mental actions are associated with material actions and 
constitute their reflection. And that means that mental ac- 
tions include all those traits that were included in the ma- 
terial action but have now all become ideal. Instead of real 
things the corresponding objects of actions are now their 
images, and real transformations have been replaced by 
ideal ones. In other words, we are now concerned with ac- 
tions directed at images, as noted in the second proposition. 
Having become mental, actions do not lose their object-re- 
Jatedness; but while earlier, the person in question carried 
out practical actions in transforming external objects, he 
now carries out actions in his mind that transform the 
images corresponding to the objects. As we see the concep- 
tion of a mental action as one in which the objects are 
images of real objects and phenomena from the external 
world, while the corresponding operations are carried out 
in one’s mind, fully describes the specific characteristics 
of mental actions. 

Certain critics take the position that “it is more correct 
to consider mental actions as any action that is associated 
with the solution of any problem, and the corresponding se- 
lection of methods of action, hypotheses, conclusions, etc.” 
(Ibid., p. 158). It is not possible to agree with such a view. 
For, let us assume, for example, that our problem is to place 
furniture in a room. Any reasonable person will presum- 
ably first consider how this may be done, in what order the 
furniture should be moved, etc., i.e., identify a method of 
action and a plan. It does not follow, however, that the 
furniture will subsequently find itself in a particular po- 
sition as a result of that, mental action alone. That operation 
will be practical, but like any practical action, it will have 
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an orienting part that contributes to the executive part of 
the solution to the problem, which in this case is purely 
practical. 

Other authors interpret the mental actions in the theory 
being considered as “an ability to carry out various oper- 
ations in an automated manner” (101, p.. 160). This, too, 
is not the case. Automation is a distinct characteristic of 
actions that may relate to any form of action: material, 
verbal, or mental, and actions may be mental without being 
automated (50; 36; and others). By no means all mental 
actions are performed in an automated manner, even though 
any mental action that is repeated many times may become 
automated. 

The transformation of external verbal actions into men- 
tal ones proceeds through a transformation of audible speech 
into a corresponding auditory image. Galperin observes that 
“within the mind the auditory form of speech becomes a 
representation, an auditory image of the word” (36, p. 457). 
Initially that new form of action possesses a clearly ex- 
pressed articulation basis, and Galperin refers to this as 
an “external silent speech”. This is already an internal 
action but it is still externally-oriented, as it were, towards 
another person (to oneself as to another person). Very 
quickly, however, that form of action experiences a tran- 
sition to a mental action proper. Such actions are then per- 
formed in the form of internal speech and become individ- 
ualized in the proper sense of that term, namely, they are 
executed within a person’s mind for his own self without 
being addressed to another person. Its object-related con- 
tent, however, continues to be the same as in the initial 
form, and its social character, too, is therefore retained. 


2. The Generalized Nature 
of Actions 


Both in our own country and in other countries the lit- 
erature on psychology contains many studies of the prob- 
lem of generalizing existing knowledge and abilities. They 
generally emphasize an analysis of the particular proper- 
ties in relation to which generalization occurs—their phys- 
ical nature, importance and relevance to the solution of 
problems (15; 182; 254; 202; 286; and others). Distinct 
stages of generalization have been identified in ontogenesis 
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(24; 182; 148). Many such studies consider the role of 
specific facturs in the process of gencralization: of words 
(456. 89) FS0); and also of varialions in nonessential al- 
tributes (66; 102). 

Bruner, Goodnow, and Austin have identified a number 
of factors that influence activities leading to generalizations, 
including specific ways in which the learner understands 
the problem that is formulated, the nature of the examples 
that are employed in the process of generalization, the an- 
ticipated consequences of actions that are performed, the 
nature of the constraints that are placed on particular ac- 
tivities, and the nature of the method that is applied to 
evaluating such actions (210). 

Rubinstein showed the importance of such operations as 
analysis, abstraction and synthesis (144). In his- own stud- 
ies, in fact, the concept of generalization is viewed as a 
fundamental thought process. The views that the psyche is 
an activity, however, calls for a more precise definition of 
“generalization” as ‘“‘a basic thought process” and for an 
identification of its position within a system of activities. 
Within the theory of the stage-by-stage development of 
mental actions generalizations are viewed as one of the 
basic characteristics of any action. They are not limited, 
accordingly, to the sphere of thinking. 

In order to develop cognitive actions possessing a speci- 
fied measure of generalization it is important to know the 
psychological mechanism on which generalizations rest, that 
is, the dependence of generalizations on an action’s struc- 
tural and functional components. In this connection, the 
studies of Zaporozhets and his associates A. G. Ruzskaya 
and N. N. Poddyakov showed that the process of generaliza- 
tion is influenced by the orienting actions that are directed at 
the objects being generalized (63; 121; and others). 

Similarly, studies that we carried out jointly with Kon- 
stantinova, Teplenkaya, Barayeva, Kochurova and Lopez 
showed that the generalization of actions and of the ob- 
jects towards which actions are directed proceeds exclusively 
along those properties that enter into their orienting basis. 
Of course, generalization can proceed only in relation to 
properties that are inherent in all objects of the given class. 
But the presence of common properties within a set of 
objects docs not automatically produce a generalization in 
terms of these particular properties. The process of gener- 
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alization itself is not directly dependent on the general 
properties of the correspondiug objects. In particular, in 
studying the manner in which geometric problems are solved 
by the sixth- and seventh-grade students we found that 
they did not make use of complete descriptions of such con- 
cepts as adjacent angles and vertical angles and that they 
neglected essential attributes (present in all objects relat- 
ed to the corresponding concept). In defining adjacent an- 
gles, for example, the attribute ‘‘possessing a common side” 
was neglected, even though it was perceived that all adja- 
cent angles that were considered possessed a common side 
and it was also represented when students were asked to 
draw adjacent angles. Yet this aspect was not reflected 
in the contents of the corresponding concept and was 
neglected in the generalization of the corresponding 
objects (162). 

Similar results were found in our joint studies with Kon- 
stantinova (165) of such elementary geometric concepts as 
straight lines, angles, and perpendicular lines. The test 
was applied to twenty-five fifth-grade students who had not 
yet studied geometry and whose grades in other subjects 
were very low or low. 

The following was a specific feature of ‘he corresponding 
teaching process: all figures were represented in identical 
spatial positions. In this way a nonessential attribute, name- 
ly, position in space, accompanied the essential attributes 
of all figures. The teaching process was organized in such 
a way that students were immediately oriented on the sys- 
tem of essential attributes. 

In a series of check tests the students were shown objects 
relating to the concepts being considered but presented in 
a variety of spatial positions. In addition, figures that were 
superficially similar to the initial objects were shown in a 
similar spatial position but they did not relate to the con- 
cepts being considered (for example, slightly inclined yet 
almost perpendicular lines). The students were also asked 
to draw several different objects illustrating the concepts 
being considered. 

All students responded to the check tests correctly. Each 
one of 24 students answered six questions. Of 144 ques- 
tions concerning the recognition of a straight line 139 were 
answered correctly. There were no errors in recognizing 
angles and perpendicular lines. And the second type of 
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problem was also answered correctly: each student drew at 
least three figures in different spatial positions. 

In short, in a case in which an orientation on a system 
of essential attributes was initially provided, nonessential 
object attributes did not enter into the corresponding gen- 
eralizations even though they were present in all the 
objects that were considered by the students. This was par- 
ticularly evident in a joint study with J. Lopez (92) in 
which the experimental data related to geometrical figures 
similar to those employed by Vygotsky and Sakharov. The 
essential attributes (to be recognized) were the length of 
a figure’s base and its height. As in all studies of Vygotsky 
and Sakharov the figures were divided into four classes, 
depending on their dimensions. More specifically into ‘‘bat” 
(low figures with a small base), ‘‘dek” (high figures with 
a small base), “rots” (low figures with a large base), and 
“mup” (high figures with a large base). 

Colours and shapes were chosen as nonessential properties 
that were common to all objects of the given class. This 
is because studies in child psychology have shown that 
these are precisely the attributes that are most significant 
for preschool-age children. The tests were applied to 100 
Cuban children between the ages of 6 years and 6 years 
and 9 months.! Five series of experiments involving 20 
children each were carried out. 

In the first series of experiments objects taken from each 
of four classes were always coloured in the same way: ‘‘bat”’ 
figures (low figures with a small base) were always red 
while ‘‘dek” (high figures with a small base) were always 
blue, etc., their variable attribute was their shape. The 
reverse was true in the second series of experiments, in 
which each class of objects possessed a constant form, while 
colours varied. In a third series of experiments the figures 
of each class possessed both similar forms and similar col- 
ours. Thus, in these tests it was cither colour or form, or 
both colour and form that could serve objectively as joint 
recognition attributes. It was possible to associate a figure 
with a specific class by relying on both. But these attributes 
were not included in the orienting basis of the recognition 
actions. In the fourth series of experiments each class of 


' They were school-age children by Cuban standards since school- 
ing there begins at the age of six years. 
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figures possessed its own colour, but all figures of all four 
classes were of the same shape (cylinders). Conversely, in 
the fifth series each class of objects possessed ils own form 
but objects of all classes were of the same colour (red). 
Thus in the last two series of experiments the figures pos- 
sessed common nonessential attributes, that could, howev- 
er, objectively serve as a basis for recognition (colour in 
the fourth series and form in the fifth) as well as an al- 
tribute that could not serve as a basis for recognition (form 
in the fourth series and colour in the fifth), since they 
were common for figures of all classes.! From the very 
first essential attributes were introduced into the contents 
of the orienting basis of recognition actions. In carrying out 
the action in its material form students relied on standards 
(rulers) that they were given to establish the lengths of 
the bases and heights of the figures. Then they relied on 
the logical operation of associating objects with concepts in 
determining whether the given figure did correspond to a 
given class of objects. They were also given instructions 
concerning the nature of the operations to be carried out 
and their sequence. 

In carrying out the material form of the action additional 
assistance was provided to one half of the students in cach 
group (sub-group A) that facilitated the identification of 
common colours (forms) in the figures: in particular, those 
figures that had been recognized were not removed but re- 
mained within the students field of perception. That assist- 
ance was not given to students in sub-group B of each 
group: the figures that had been recognized were removed, 
so that students perceived only that figure with which they 
were currently working. 

Following the learning process students in all series were 
given the same set of check tests. These emphasized the 
recognition of: a). new figures some of whose nonessential 
attributes, which until then had been common and constant 
for objects of the given class, were varied: cither new col- 
ours or forms were now added, or else colours or forms 
that had until then been associated with other classes; and 
b) figures that possessed the same colour (form) as figures 
of another class in the teaching experiment but did not 


‘The development of concepts followed the methodology em. 
ployed in Teplenkaya’s study (176). 
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possess the essential attributes associated with the given 
concept. These problems were given in one of two forms: 
either a direct presentation of new figures or else verbal 
descriptions by the experimenter. In addition, students were 
asked to classify objects and to give descriptions of figures 
of a given class. 

The results of that study have shown that 42 per cent 
of the students were aware of the presence of a constant 
colour (or form) in the objects that they were shown, and 
that most of them had already established this in the pro- 
cess of forming the first concept. In only 65 cases out of 
7,420, however (this represents 0.9 per cent), students had 
recognized objects on the basis of these attributes. And even 
in those cases they viewed these attributes merely as ele- 
ments of recognition that indicated that the object also pos- 
sesses other attributes, such as a particular magnitude for 
its base and for its height. 

All groups and sub-groups passed through a series of 
check tests successfully. Individual errors (2.6 per cent in 
recognizing figures that were directly perceived and 5 per 
cent in the case of recognitions based on descriptions) re- 
sulted from an incorrect recognition of essential properties 
(imprecision in measurement, an incomplete analysis of 
descriptions, etc.) rather than from an orientation on non- 
essential attributes. Only 3 children out of 100 made er- 
rors associated with an orientation on colour or form. These 
errors represent 5-10 per cent of the total number of prob- 
lems that were answered. 

Most children answered the questions quickly and without 
vacillating. 

The basis of generalization is not thus now only what is 
common in a class of objects. This is a necessary, but not 
yet a sufficient condition. Rather the basis of generalization 
refers to those properties of objects that have been includ- 
ed into the orienting basis of those actions that are directed 
at analyzing the object. 

Accordingly, a control of the generalization of cognitive 
actions and of the knowledge that they convey concerns 
the formation of these actions through appropriate adapta- 
tions of the contents of their orienting basis, rather than 
identifying the common properties of objects. 

This principle also explains the typical flaws in attempts 
to generalize knowledge that are encountered in practice. 
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Let us consider again the case in which at the visual level 
students perceive the common side of all adjacent angles 
and are also reminded of its relevance, yet fail to include 
it in a generalization. This can be explained by the fol- 
lowing. While the attribute ‘‘“common side” was remembered, 
it did not operate as an orienting element with regard 
to the problems that they confronted. Our survey of these 
problems relating to ‘adjacent angles” has shown that in 
fact problem specifications related to supplementary angles, 
i.c., angles with a common side. Accordingly, students 
merely had to establish the presence of only one attribute, 
namely, whether the sum of the angles was 180°. Only this 
attribute was included into their orienting basis of action. 
For many students the contents of the concept ‘‘adjacent 
angles” came to be limited to that single attribute (“two 
angles whose sum is 180°’). Because the presence of ‘‘a 
common side” had not been included in the orienting basis 
of action it did not occur within the resulting generaliza- 
tion either. 

A simple explanation is also provided for the frequent 
cases in which generalizations relate to nonessential com- 
mon attributes. Since at best school students are given a 
set of orienting attributes (through definitions), while an 
orientation of activities on these attributes is not provided, 
these attributes may not enter into the orienting basis of 
action. The orienting basis is then developed by the students 
themselves, and once again generalizations are then effect- 
ed in relation to nonessential attributes rather than to the 
attributes specified in definitions. 

Conversely, as soon as a system of necessary and suffi- 
cient attributes is in fact included into the orienting basis 
of action and a systematic orientation on these particular 
attributes begins to operate in carrying out all suggested 
assignments, generalizations proceed along that particular 
set of properties, and other common properties exert no 
influence whatever on the resulting generalizations. With 
regard to the findings mentioned earlier, this means that it 
is not necessary to vary nonessential properties or attributes 
in order to arrive at generalizations in terms of essen- 
tial attributes. It is sufficient to include the corresponding 
set of essential properties into the orienting basis. It fol- 
lows that generalizing processes are not guided directly by 
objects of action, but are mediated by the subject’s 
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activities and by the clements included in their orienting 
basis. 

This principle also explains the manner in which proper- 
ties that are essential came to be differentiated from those 
that are merely common: only those properties that have 
been included into a person’s orienting basis of action are 
perceived as essential. 

It has also been shown that the view that col- 
ours and forms play the major role in the gen- 
eralizing capacities of children holds true only for un- 
structured situations. In situations in which generalizing 
activities are controlled they relate from the very begin- 
ning to systems of attributes that may not be visually ap- 
parent. In such cases the presence of common visually ap- 
parent properties exerts no perceptible influence on the 
course and contents of generalizations. 

These findings fully agree with findings of other re- 
searchers concerning preschool-age children and_ school- 
children in primary grades (1; 57; 58; 187). These findings 
make it necessary to revise existing conceptions concern- 
ing the learning capacities of children. When generalizing 
processes occur in an unorganized or insignificantly organ- 
ized manner generalizations tend to occur on the basis of 
materials that are presented (39), or else of empirical per- 
ceptions (58). In those cases, however, in which that pro- 
cess is controlled, young children may arrive at comprehen- 
sive generalizations reflecting relevant properties (38), or 
else at theoretical generalizations (58). 

Control of generalizing processes requires a knowledge of 
their basic qualitative states. These have not yet been iden- 
tified, even though it is known that the material (material- 
ized) form of generalization differs substantially from its verb- 
al form. In the first case object properties identified as a 
result of the abstraction process are employed only when 
these objects are present. In all subsequent forms of action, 
such as verbal action, essential properties are separated 
from external objects and are transformed into distinct ob- 
jects, as it were (36, p. 456). Thus, while forms of action 
are not causally linked to generalizing activities both in- 
fluence each other and affect transitions to the next genetic 
stage. 


3. The Extensive Form of Actions 
and Their Assimilation 


That mental operations may become “‘condensed”’ in the 
course of their development has long been known. This was 
first noted in logic rather than in psychology, for logic has 
long considered abbreviated chains of reasoning known as 
enthymemes. Enthymemes are external phenomena in logic. 
Indeed, from the point of view of logic there may be two 
such variants: a) a conclusion may be reached without con- 
sidering the major premise, but then it is not logically con- 
sistent since it does not meet the specifications of the law of 
sufficient justification; b) a major premise is taken into 
consideration, but is not expressed in an extended external 
or internal verbal form; in such cases there is no difference 
between an enthymeme and a common complete deductive 
inference, since the nature of the verbal form in which a 
major premise is presented in reasoning is not relevant to 
logic—so long as it is presented in some form. 

Accordingly, an enthymeme is a psychological rather than 
a logical fact. It concerns the appearance of a part of knowl- 
edge and part of mental operations in a new form of exist- 
ence at a certain stage of development of mental activity: 
they are “taken into account” and considered in the process 
of reasoning, but are not actualized and do not become an 
object of awareness. 

P. A. Shevarev (183) was first to describe these psycho- 
logical facts in some detail in connection with a systematic 
study of condensation processes in mental activities for dif- 
ferent object data (185). The studies that were carried out 
under his guidance showed that such process did take place 
in the development of practically any mental activity or 
ability. It was also established that a ‘disengagement’ of 
individual links from mental activities occurred in the 
final rather than the initial stages of their development 


(184). 


In particular, a study of solutions to geometric problems indi- 
cated that the number of complete chains of inference declines as 
one chilts from lower-grade students to upper-grade students. 
Sixth-grade students relied on full chains of inference thirteen 
times more frequeatly than adults, while poorer students in the 
same grade relied on such chains nearly three times more often 
than the better students (166). 
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The nature and logic of condensation (reduction) pro- 
cesses are of considerable interest: what are the links in 
reasoning activities that are first to be abandoned, and 
which are the ones that continue to be ever present in one’s 
mind. At the present time this is still not fully understood. 
even though corresponding studies have produced some in- 
formation. In particular, those of N. K. Indik (68) and 
A. N. Sokolov (159) showed that those elements of mental 
activities that played an orienting role were first to be 
abandoned, while operational (executive) elements under- 
went condensation at a later stage. 

Our own study (166) showed that at first an awareness 
of corresponding orienting operations continued to exist in 
relation to both executive operations and control operations. 
but was later retained only in relation to control operations 
and then vanished altogether. 

But the failure of certain elements of mental activity to 
be actualized does not necessarily imply that condensation 
has taken place and that it may be replaced if needed by 
a form in which full awareness exists. It may simply indi- 
cate that the corresponding reasoning process is faulty. In 
this connection Sokolov (159) notes that in his studies of 
the process of solving physical problems failures to engage 
in substantiating reasoning were frequently due to a lack 
of understanding rather than to a process of reduction. 

This was evident in our own analysis of the process of 
solving geometric problems as well (166). In cases in which 
normal reductions of mental activity take place non-actual- 
ized elements retain a capacity for restoration and students 
are able to reconstruct the full chain of substantiating rea- 
soning when asked to justify their actions. In cases in which 
a failure to actualize individual links of mental activity was 
attributable to other causes, students were either unable to 
re-establish anything or else produced propositions that 
could not have served as a substantiating basis. 

Awareness is precisely the retention within a student's 
consciousness of the objective logic of a condensed activity 
and the possibility of reproducing the elements that were 
eliminated. It exists when an action is initially developed 
in terms of the full range of the corresponding operations 
and when these operations are objects of special assimila- 
tion, ie., actions. In cases in which actions are developed 
through practical adaptations. however, without an aware- 
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ness of component operations it is not possible to trans- 
form them into actually conscious actions (84). 

Such an understanding of the process of condensation — 
not as one in which elements of mental activity are lost 
forever, but as a process in which they experience a tran- 
sition into a special form of existence—explains the inef- 
fectiveness of attempts to develop actions directly in a con- 
densed form. In such cases the action’s logic is not unfold- 
ed and the subject does not become conscious of it. It 
exists for him neither at the level of actual awareness nor 
at the level of those things of which he is currently un- 
aware. 

It has been found that a condensation of cognitive ac- 
tions may occur in relation to memory as well as to thought. 
In particular, G. Miller and his colleagues show that in 
memorizing senseless words inexperienced students con- 
struct complex hierarchical linkages, while experienced ones 
proceed in more “direct” ways (272). Similar facts were 
described earlier by A. A. Smirnov (158). 

In a study carried out by N. D. Belov under the guidance 
of Galperin students were taught to become aware of con- 
densation and to assimilate that principle itself. It was 
shown that this helped them become aware of other in- 
stances of condensation and to apply that principle more 
widely (7; 36). 

This characteristic of the process of condensation of the 
operational composition of actions indicates that teaching 
programmes must provide for the assimilation of actions 
in their extensive form. For genetically reduced actions rep- 
resent a later state, and above all they function com- 
prehensively only when the person in question is able to 
reconstruct them in their extended form. 

In this connection, Galperin observes that “the psycholo- 
gical mechanism of comprehensively developed actions is 
not limited to those orienting activities that are explicitly 
performed. It includes the entire system of earlier forms of 
the given action, which are no longer carried out explicitly 
but are kept in mind, and thus provide for a retention of 
the objective logic of the condensed action within the con- 
sciousness of the student, and hence for a conscious execu- 
tion of that action” (36). Actions “in accordance with a 
formula” (in short, of the type “five times five is twenty- 
five’) should be the outcome of the transformation of ex- 
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tensive forms of the corresponding action and mark the 
conclusion of a process rather than its primary objective. 

The extent to which an action is assimilated is one of its 
least examined properties. Its principal content concerns the 
automation of actions: gradually, individuals perform an 
increasing number of operations without being consciously 
aware of them. A number of factors suggest that automation 
is associated with the mechanism of condensation: although 
operations that are not carried out but only envisaged ap- 
pear to leave the sphere of current awareness, they con- 
tinue to exist at an unconscious level. 

Like the degree to which an action is condensed or re- 
duced the degree to which it is assimilated is reflected in 
the rate and ease with which it is performed. While it rep- 
resents the independent type of change in actions, the 
degree to which an action is assimilated can nevertheless 
inhibit changes in the form of actions. Should an action 
in a material or else a materialized form reach the stage 
of automated execution, considerable effort will be required 
to transform it into a verbal form. It follows that the teach- 
ing programme must above all provide for transforma- 
tions in the forms of actions and to bring them to the de- 
sired form without any automation of intermediate forms. 
The assimilation of action in these forms should be retained 
at the level of conscious execution, and automation 
should take place only after the action has been assimilat- 
ed in the given form. 

Galperin observes: ‘...All intermediate forms of action 
are subject to assimilation only up to a certain point, name- 
ly, until they are freely and correctly carried out, that 
is until they are assimilated without symptoms of automa- 
tion” (38). 
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§ 3. Types of an Action’s 
Orienting Basis 


It has already been noted that actions include three parts: 
orienting, executive and control. 

Research findings have shown that the orienting compo- 
nent plays a decisive role in the development. of actions 
(126; 48; 62; and others). It determines both the rate at 
which actions develop and their quality. 

The orienting component of action is concerned with: 
a) correct and rational formulation of the executive part 
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(119; 127; 155); its contents then relate to an examination 
of the conditions that the pre-set executive part objectively 
requires; and b) effecting a rational selection of one of the 
possible executive actions. That function of the orienting 
component of actions is clearly evident in the analysis of 
actions employed in playing chess. For in such cases the 
main task of the orienting component of action is to pro- 
duce a correct selection of the next move, while the execu- 
tive component is concerned with changing a figure’s posi- 
tion from one field on the chess-board to another in accord- 
ance with corresponding rules. In carrying out the orient- 
ing component of such action the player must be guided 
not only by the set of conditions that produces a correct 
shift from one field to another (the executive component of 
action), but also by the particular characteristics of posi- 
tions in chess that bear on the selection of a next move 
(175). 

In principle, the orienting component thus serves not only 
to execute the action correctly, but to help select one of 
many possible executions. And in carrying out the orient- 
ing component of action producing these functions persons 
are guided by the action’s orienting basis. Naturally, the 
effectiveness of the action’s orienting component depends, 
above all, on the contents of the orienting basis; the latter 
may differ substantially from case to case. Research find- 
ings have shown that the effectiveness of the orienting 
basis does not depend on the form in which it is presented 
(material, materialized, external verbal, etc.) but does 
depend substantially on the extent to which the knowledge 
(guidelines) that it contains is generalized, and on the 
comprehensiveness with which it reflects the conditions 
that will objectively delermine the effectiveness of actions. 
Their effectiveness also depends on the way the orienting 
basis of the action is constructed (34; 36; 38; and others). 
In terms of its comprehensiveness (sufficiency) the action’s 
orienting basis may be comprehensive, inadequate! and 
redundant. In terms of the extent to which it is generalized 


' One should not confuse this characteristic with the extent to 
which the orienting component of action is presented in extensive 
form: a reduction (condensation) of action may occur both in cases 
in which it rests on the orienting basis that is objectively adequate 
and in those in which the orienting basis is objectively inadequate 
and insufficient. 
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the orienting basis of action may be concrete, and then be 
applicable to a unique, specific case. But it may also exist 
in a generalized form that reflects the essence of an entire 
class of specific cases, and may then be applicable to each 
such case. One may dislinguish the following cases relating 
to the method through which the orienting basis of action 
is constructed: a) it may be given to the student in a pre- 
established form; b) it may be developed autonomously by 
the student. Such an autonomous development may itself 
take place in two distinct ways: through a ‘“‘trial-and- 
error’ method in the course of execution; or through a 
conscious application of a general procedure (method) for 
developing the orienting basis of action. This, too, may be 
conveyed in a pre-established form or may be developed 
autonomously. 


1. Types of the Orienting Bases 
of Action 


Differences in the extent to which the orienting basis of 
action is generalized, in its comprehensiveness, and in 
methods employed for constructing it make it possible to 
distinguish several types (34; 36; 38; 48). 

While four such types have been identified experimen- 
tally, in principle, there may be much more (see Table 2). 


Table 2 
Degree of Degree of 
No generalization | comprehcnsive- Mcthod of acquisition 
: of orienting ness of orienting of orienting basis 
basis basis 

4 | Concrete Inadequate Developed autonomously 

2 {Concrete Comprehensive | Conveyed in a pre-establish- 
ed form 

3. | Generalized Comprehensive | Developed autonomously 

4 | Generalized Comprehensive | Conveyed ina pre-establish- 
ed form 

5 | Generalized Inadequate Conveyed in a_ pre-estab- 
lished form 

6 | Generalized Inadequate Developed autonomously 

7 {Concrete Comprehensive | Developed autonomously 

8 |Concrete Inadequate Conveyed in a_ pre-estab- 


lished form 


In principle, as we see, it is possible to envisage eight 
different types of the orienting bases of action. The first 
three were first identified experimentally (the fourth was 
identified somewhat later). We will consider these first. 

The first type possesses an incomplete structure. Its 
guiding clements are of a specific form, and are identified 
by the subject himself through blind trials. Actions guided 
by such an orienting basis proceed very slowly, with many 
errors and are sensitive to even minor changes in condi- 
tions of execution. 

The second type of the orienting basis is one in which 
all conditions needed for a correct execution of actions are 
present. But they are conveyed to the subject in pre-estab- 
lished forms and also in forms that are specific for the given 
situation. While the corresponding actions develop rapidly 
and without error, and are also more stable than in the first 
case, they are transferable only to similar situations. 

The third type of the orienting basis possesses all neces- 
sary altribules, and its guiding clements have a general 
form which is characteristic of an entire class of phenom- 
ena. When applied to specific cases the orienting basis 
of action is elaborated by the subject autonomously, with 
the help of a general method that he is also given. The 
corresponding actions are not only rapid and error-free but 
are relatively stable and transferable to a wide range of 
situations. 

With regard to the first and third types it should be ad- 
ded that while in both the guiding elements are identified 
autonomously these are produced in different ways: in the 
first case a “‘trial-and-error’ method is employed, while in 
the third case this is done with the help of a_ specified 
method. In principle, it is also possible that the learner 
may not only identify a system of guiding elements for 
each specific case through the method explained to him but 
finds a desired method independently. This would represent 
an instance of genuine creativity. 

Experimental studies that have been carried out for a 
variely of subjects, including graphic writing habits (119), 
grammatical concepts (3: 61), training in production meth- 
ods (127), basic arithmetic (45; 149; 161), chess games 
(175) have confirmed the high effectiveness of actions de- 
veloped in the context of the orienting basis of the third 
type. 


4 


Let us consider three such studies. That of Pantina (119) 
is concerned with the development of writing among chil- 
dren. Children in the group, in which the orienting basis of 
the first type was used, were shown a reference image of 
the letter that they were asked to write. Its separate ele- 
ments were noted and the following type of explanation 
was provided (in relation to the Russian letter ‘“u”): “We 
begin to write at this point (which is shown), follow the 
line downwards until that point (which is shown), now we 
begin to curve at the bottom line towards this point (which 
is shown), and now we curve upward and move towards 
this particular corner (it is shown).” The child then ini- 
tiates autonomous actions, having before him a reference 
image of the final product, namely, the assigned letter (or 
else its component). In the course of this action the ex- 
perimenter points to errors and explains how they should 
be corrected. In case of need he repeats a second time and 
shows how the required final product may be obtained. The 
teaching process is continued until the child produces the 
letter (or one of its elements) three times without errors. 
Next another letter is taught in the same way. 

As we see, the orienting basis is inadequate: the child 
is given only some indications concerning the manner in 
which the action should be carried out. As a result, a cor- 
rect execution of actions is achieved only after many trials. 
Thus, 174 repetitions were needed for a correct writing of 
the first letter. But having learned to write one letter cor- 
rectly the student was then unable to immediately identify 
the orienting basis of action that was appropriate to the 
second: the initial orienting basis of action was specific and 
applicable only to the first letter. In order to write a new 
letter correctly the student had to seek the necessary guid- 
ing elements once again and this required 163 repetitions. 

In the case in which the second type of the orienting 
basis was employed the teaching of writing took place as 
follows: here again the child was given a reference image 
of the letter (product of action) but a system of dots was 
employed that guided the executive component of the ac- 
tion in arriving at the necessary contour. The child learn- 
ed to copy these dots and to employ them in writing let- 
ters. In that case the child received all necessary guide- 
lines immediately, but they were useful only in arriving at 
a specific contour. Having learned to place dots in the re- 
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quired positions the child wrote the letter without errors. 
But in order to wrile a second letler these dots were no 
longer relevant, while by himself the child could not iden- 
tify another system of dots corresponding to the contours 
of the next letter. The teacher had therefore again to pro- 
vide the necessary guidelines, while the child had to assim- 
ilate still another specific orienting basis. 

The learning process proceeded more successfully in that 
case than in the first one: only 22 repetitions as opposed 
to 174 were needed to write the first letter, and 17 for the 
second. This is because the orienting basis was complete 
yet not easily transferable because of its specilic character. 

Learning on the orienting basis of the third type pro- 
ceeded in quite a different manner. Instead of providing a 
system of guidelines the experimenter explained a principle 
for identifying them, namely, that the required dots should 
be placed in those positions within the letter at which a 
change occurs in the direction of the lines. This was 
shown to children in a particular letter, and they were 
then also shown how to apply the principle to several other 
letters having similar elements. 

Thus, in that case the content of the orienting basis is 
different: it is not a system of specific guidelines but a gen- 
eral principle (“units” of contours). which is applicable to 
any specific case, since any contour may be divided into a 
particular number of straight segments. The application of 
that principle is assimilated with the help of several spe- 
cific examples. The examples thus serve not as objects of 
assimilation but as means for assimilating that which is 
general and which constitutes the essence not only of each 
of them but of all other specific cases. The students iden- 
tified systems of reference dots by themselves (constructed 
the contents of the orienting basis of action) for any letter 
and rapidly learned to reproduce it correctly. Fourteen rep- 
etitions were needed to arrive at a correct representation 
of the first letter (instead of 174 in the first group) and 
eight repetitions for the second, while after the 7th letter 
the students were able to write any letter correctly after 
only one trial. The students in that group were able to 
transfer the method that they have assimilated to the repro- 
duction of practically any contour, including letters from 
the Latin, Arab, and Georgian alphabets, as well as of 
drawings of objects. In addition, the action that had been 
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assimilated was also applied successfully under new con- 
dition, such as writing on one line or without lines 
(119). 

Similar findings were produced by our study of the pro- 
cess of learning elementary chess yields (475). 

An analysis of the logic of the game of chess, and in 
particular of typical mistakes that beginning chess players 
make, has made it possible to identify a number of con- 
ditions that must be taken inlo consideration at all stages 
of a chess game: 1) stale of material correspondence of 
one’s own forces wilh those of the opponent, 2) interac- 
tions within one’s own forces, 3) the occupation of space, 
4) the timeliness of operations directed al producing inter- 
actions among forces and al occupying space. 

Students were taught to solve simple problems in win- 
ning against a single king by such combinations as a king 
and a queen, a king and two rooks, a king and one rook 
and a king and two bishops. In the case of teaching with 
the help of the orienting basis of the first type, students 
were only shown the executive part of the solution together 
with an image of the final ““outcome’—the checkmate posi- 
tion. In the case of teaching with the help of the second 
type of the orienting basis, the entire system of conditions 
on which the outcome of the game depends was identified. 
But this was always done in a form relevant only to the 
specific situation. For example, it was pointed out that a 
particular move was preferable to another because it isolat- 
ed the opponent from specified fields, while making it pos- 
sible to initiate joint interactions with another figure. In 
the case of teaching with the help of the orienting basis 
of the third type all conditions were presented in a general- 
ized form. Students first learned to orient themselves in 
relation to each of the conditions separately, and then to 
analyze specific positions autonomously in the light of all 
relevant conditions. 

For all three groups the following information was re- 
corded: whether or not the objective was achieved, the time 
required, the number and quality of the moves, the number 
of initial demonstrations provided by the experimenter, and 
the possibility of transferring the new abilities to other sit- 
uations. In the case of teaching with the help of the orient- 
ing basis of the first type much time was required in meet- 
ing the specific objective (to win with a king and a queen). 
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The instructor found it necessary to show the required 
move three or.four times. The game improved through 
a gradual memorizing and recall of moves carried out by 
the instructor. On the average 55 moves were needed, re- 
quiring 34 minutes (the problem could be solved in 10 
moves). The game's quality was low: after the first dem- 
onstration only 25 per cent of the total number of moves 
were correct. After the last demonstration this rose to 50 
per cent. It is characteristic that the students in that group 
could not explain why they selected a particular move. This 
indicates that their solutions were mechanistic and that 
they did not understand the internal logic of a chess game. 
As a result even minor changes in the conditions defining 
the problem (such as a dilferent initial position of the 
same figures) required a second round of teaching. Natur- 
ally, there was no ability to transfer new knowledge to 
different situations (such as to checkmate the opponent’s 
single king with the help of a king and two rooks, a king 
and two bishops, etc.). Thus, the first type of the orienting 
basis made it possible for the students to acquire specific 
types of knowledge that can be applied effectively only to 
the particular situations in the context of which it was as- 
similated. 

The learning process was much more effective in the case 
of the second type of the orienting basis: all students in 
that group were able to solve the problem during a single 
attempt. Solutions required an average of 12 moves in 6 
minutes. The quality of the game was considerably higher: 
76 per cent of the total number of moves were correct. 

The abilities that were acquired were more independent 
of the specific situations defined by the given problem: in 
their very first attempt all students succeeded in solving a 
problem relating to a new initial position of the figures in 
question. At the same time the specific nature of the guid- 
ing elements served to inhibit the execution of actions in 
new situations. As the number of similarities with the con- 
ditions of the initial problem declined the process of solv- 
ing new problems became increasingly difficult, the number 
of trials and errors increased and more time was required. 
Problems relating to situations that differed substantially 
from the initial ones (for example, to win against a single 
king with the help of a king and two bishops) proved to 
be beyond the students’ abilities. 
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Learning abilities based on the third type of the orient- 
ing basis produced far better results Chan in the first two 
groups. Members of that group were able to solve the ini- 
tial problem on the first trial in 5 minutes time, making 
error-free moves. Changes in the figures’ initial position did 
nol produce any deterioration in the game: all members 
were able to solve the problem rapidly without a single 
error. They were also able to solve entirely new and much 
more complex problems (to win against a single king with 
a king and two bishops and a king and a rook). 

Similar results were obtained in the studies of Resheto- 
va and Kaloshina (134). These were concerned with the de- 
velopment of a general method for designing rational tech- 
nologies for processing work pieces in carrying out ‘“‘com- 
plex” operations. 

In the case of usual teaching, procedure technologies (the 
orienting basis) for producing work pieces are designed by 
specialized technologists, while workers merely execute the 
corresponding actions. Naturally workers must be given 
instructions (an orienting basis) for each new specific as- 
signment, which are conveyed to him in a pre-established 
form (at best the orienting basis of the second type). The 
third type of the orienting basis was employed in experimen- 
tal training. Its possibilities were demonstrated in devel- 
oping a method for arriving at a rational sequence for pro- 
cessing various planes of individual work pieces. 

A preliminary test of the relevant abilities of group mem- 
bers (ninth-grade students) indicated that only seven per 
cent of them were able to analyze correctly the technolog- 
ical conditions determining the selection of a processing 
sequence and that none of them were able to indicate the 
correct processing sequence. They possessed neither the 
knowledge nor the skills required by the correct processing 
technology. After learning the method for selecting a ra- 
tional processing sequence in accordance with the third type 
of the orienting basis, however, their effectiveness in solv- 
ing new problems (that were not presented in the training 
series of the experiment) was reflected in the following fig- 
ures: in 98.8 per cent of the cases they were able to ana- 
lyze correctly the conditions that determined the selection 
of a processing sequence; in 99.6 per cent of the cases they 
selected the processing sequence correctly, and in 100 per 
cent of the cases they processed the work pieces on lathes 
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correctly. Beyond this they were able to transfer the newly 
acquired method not only to the processing of new work 
pieces of the same class (shafts) but of work pieces of an- 
other class (bushings). The quality indicators relating to- 
their work were the following: in 86.8 per cent of the cases 
they analyzed correctly the technological conditions deter- 
mining the selection of a processing sequence; in 100 per 
cent of the cases they made 4 correct selection of a proces- 
sing sequence; and in 100 per cent of the cases they car- 
ried out correctly the processing of work pieces on a lathe. 

We see that in spite of substantial differences in the ob- 
jects of the actions being assimilated (writing, chess, pro- 
fessional production skills) as well as in student age groups 
(preschool-age, elementary, and teen-agers) the results of 
learning were identical. Actions associated with the orient- 
ing basis of the third type were characterized by a rapid 
and practically errorless assimilation that remained stable 
when applied to new and widely differing conditions. 

The fourth type of the orienting basis is characterized 
by the fact that guidelines are provided in a generalized 
form that relates to entire classes of actions rather than to 
individual cases. At the same time the system of guidelines 
is sufficiently comprehensive for a correct execution of 
the given action for all situations corresponding to the giv- 
en class. Finally, the orienting basis is provided in a pre- 
established form, rather than being constructed autono- 
mously by the subject. 

Such a type of the orienting basis is usually employed 
in the development of logical actions that are independent 
of the object’s concrete contents. As an example, let us con- 
sider the development of the action of associating objects 
with concepts, which we have employed repeatedly in form- 
ing concepts possessing a conjunctive structure of attrib- 
utes. The assimilation of a specific concept (for example, of 
the bisectrix) resulted from the execution of problems re- 
quiring an associating of objects with the corresponding 
concept. In order that these problems be solved, it is nec- 
essary for the crienting basis of such actions to include 
not only the given concept’s (i.e., the bisectrix) system of 
necessary and sufficient attributes but also the logical rule 
of associating. Such a rule, moreover, may be _ included 
either in a concrete form relevant to the given concept 
alone (an orienting basis of action of the second type) or 
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in a general form suitable for associating objects with any 
concept possessing a conjunctive structure of attributes (an 
orienting basis of action of the fourth type). This is achieved 
by presenting the corresponding requirements not in 
a specilic form that reflects the given concept’s attributes 
(in the case of the bisectrix this would be: 1. a straight 
line, 2. it divides an angle into two equal parts), but in a 
general form (the object must possess the entire set of the 
given concepl’s necessary and sufficient attributes). 

Similarly, the logical part, too, is presented in a general 
form rather than a particular form. In the case of the bi- 
sectrix the particular form would be the following: I. If the 
line: 1) is straight, 2) passes through the angle’s vertex, 
3) divides the angle into two equal parts, then it is a bi- 
sectrix; I]. If the line: 1) is not straight, or 2) does not 
pass through the angle’s vertex, or 3) does not di- 
vide the angle into two equal parts, it is not a_ bi- 
sectrix, etc. 

In the case when its representation is generalized, the 
logical part of the orienting basis of recognition appears as 
follows: “The object is related to the given concept only 
if it possesses the entire system of necessary and sufficient 
attributes. This may be represented in terms of the follow- 
ing diagram: 


14 
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“Should the object not possess even a single one of these 


attributes it does not belong to the given concept. In terms 
of that figure this is then represented as follows: 


1+ (?) 
2+ (?) 
pa 


“If there is no information concerning one of these at- 
tributes while all other attributes are present, the answer 
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remains uncertain: if is not known whether or not the ob- 
jecl does belong to the given concept. This is represeuted 
as follows: 

1-+ () 

2+ (?)| 5 


n> 

Studies have shown that when such an orienting basis is 
employed in developing the action of associating an object 
with a concept in relation to a particular concept, this ac- 
tion is then transferred without further learning to all 
other concepts possessing a similar logical structure of at- 
tributes. Each time, however, il is necessary to specify the 
new concept’s specific system of necessary and sufficient 
attributes constiluling the action’s object-relaled (specific) 
part. of the orienting basis, and each time these must be 
given in a pre-established form, i.e., in terms of the second 
type of the orienting basis of action (99; 164; 171). 

Thus, in fact the orienting basis of the action of asso- 
cialing an object with a concept includes two parts: a spe- 
cific one (a concrete system of altribules), designed in ac- 
cordance with the second type of the orienting basis, and a 
logical one, in accordance with the fourth type of the 
orienting basis. It differs from the third type in that in 
this case the student encountering new concepts does not 
have to identify a new logical part each time but acquires 
it in a pre-established form when he assimilates the very 
first concept, and subsequently continues to be guided by 
that part in his work with all other concepts possessing the 
same structure of attributes, Unlike in the second type, 
however, these guiding elements are provided not in the 
particular form that characterizes the given concrete con- 
cept, but in a generalized form, and it is in that form thal 
they enter into the contents of the logical part of the 
orienting basis of the action of associating objects with con- 
cepts. Thus, for example, in working with the concept an 
“island”, the student thinks of the attribute “a part of dry 
land” as a “first attribute” and views the attribute “sur- 
rounded on all sides by water” as a second attribute. Of 
course, for each concept, it is necessary to establish which 
attribule should be viewed as first and which as second. In 
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our case the students did not confront that problem since 
the concrete system of attributes that was given to them in- 
cluded a specification of their order. 

In principle, the fifth type of the orienting basis of ac- 
lion may also exist. In it the student is given a system of 
guidelines that is insufficient for a correct execution of the 
action within the boundaries of the region determined by 
their degree of generalization. 

An example is provided by the same logical part of the 
orienting basis of the recognition type of action in which it 
is given to sludents with certain guidelines missing. For 
example, the recognition of objects that do not belong to 
a given concept is limited by the following case: 
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Therefore, the orienting basis is incomplete: it does not 
permit a correct execution of the action of recognition in 
cases such as the following: 


i 
2?) |— 
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The sixth type that we have listed is also possible. It 
differs from the preceding one only in that a generalized 
but incomplete orienting basis is derived autonomously by 
the student rather than given in a pre-established form. As 
in the preceding case actions guided by such an orienting 
basis will yield correct results in some cases and erroneous 
ones in others. 

The seventh type of the orienting basis coincides with 
the second one in terms of two of its characteristics, name- 
ly, ils particular form of guidelines and comprehensive- 
ness, but differs from it in relation to the method through 
which the orienting basis is constructed. It is identified 
autonomously by the subject of action. This is characteris- 
tic, for example, of the actions of folk craftsmen, whose ac- 
tions take into account the entire system of conditions that 
lead to an avoidance of errors and high-quality results even 
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though the corresponding range of outcomes is extremely 
limited. 

Finally, the eighth type of the orienting basis of action 
is also quite possible, in which a specific incomplete system 
of guidelines is provided in pre-established form. In our 
opinion, this is the most widely used type of guidelines in 
traditional forms of teaching. As a rule teachers provide 
specific instructions relating to such tasks as the writing of 
individual letters and the solution of specific problems. As 
a rule these guidelines do not encompass all the conditions 
that a correct execution of corresponding action requires 
and this produces errors. 

The last five types of orientation call for further discus- 
sion and analysis. 

2. Possibilities for Programming 
Effective Types of the Orienting 
Basis of Action 


It has already been noted that the first four types of the 
orienting basis of action were subjected to experimental 
verification. This has shown that the third type is the most 
productive one. The fourth type was next, but its capaci- 
ties are limited by the nature of the logical operations. 
Among the remaining types the second deserves attention. 
The second type of orientation may be effective in cases in 
which a rapid and errorless development of actions is need- 
ed to be applied to specific situations. Its advantage is 
that it is then relatively simple to identify the complete 
system of guidelines that effective actions under specified 
conditions objectively require. 

It is probable that the other types of the orienting basis 
are merely of theoretical interest, in the sense that in 
principle they are possible variants. As for their effective- 
ness it may be asserted that types that possess only an 
inadequate orienting basis cannot be effective. The remain- 
ing seventh type appears to be close to the second one in 
terms of its effectiveness. The probability that this type 
will be used is quite low. In such cases the contents of the 
orienting basis are not programmed by teachers. They are 
discovered by persons executing the action. But to identi- 
fy the full set of conditions that objectively determine the 
success of an action is a relatively difficult task even in 
given conditions. 
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J{ is not surprising that researchers have been giving 
particular attention to the third type of orientation. This 
corresponds most fully to contemporary norms in relation 
to human activities. Yet the need to identify the objective 
contents of conditions that lead to effective actions in par- 
ticular areas represents a basic impediment to the program- 
ming of the orienting basis of this type. “The third type of 
orientation and learning calls for a much more comprehen- 
sive restructuring of various disciplines. The identification 
of basic units within the material and of the method for 
analyzing them as well as of general rules for combining 
them calls for an altogether different distribution and in- 
(erpretation of materials than the one which is accepted in 
current methodology. Such a restructuring of disciplines 
is the principal impediment to applications of the third 
type” (38, p. 32). 

Hlow then is it possible to restructure the materials be- 
ing studied in accordance with the requirements of apply- 
ing the third type of the orienting basis? 

Usually researchers follow an empirical approach in 
which they gradually note that which is common and es- 
sential and which underlies a multiplicity of particular 
phenomena within the given area. This usually requires 
much time and effort. As an example let us consider the 
restructuring of the rules of punctuation in the Russian 
language that was carried out by M. Ya. Mikulinskaya 
(104; 105). 

At the present time the correct use of punctuation in 
Russian texts requires a knowledge of more than one hun- 
dred rules. ach rule is assimilated separately, i.e., only 
specific characteristics of the linguistic situation that are 
embodied in the given rule enter into the orienting basis 
that guides the action of recognition. These are the ones on 
which the student relies as he confronts the problem of 
placing punctuation signs in a proper manner. This repre- 
sents an orienting basis of the second type. Since there are 
over a hundred such rules the time required to teach a 
student to apply each of them will become apparent, as 
will the difficulty of deciding which one should be applied 
in a particular case. 

Mikulinskaya has analyzed these rules from the point of 
view of the functions that they perform and has shown 
that they are all concerned with three functions, namely, 
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to combine (words or sentences), to distinguish (words or 
sentences), and to emphasize (words or sentences). This, 
then, is their essence, while the numerous rules are various 
forms in which that essence is expressed. In subsequent 
experimental courses Mikulinskaya taught students to be 
guided by the function that punctuation signs perform, i.c., 
taught them to recognize situations in which combinations, 
distinctions, or emphasis were sought and to develop ap- 
propriate systems of actions in each case, and then provided 
possible variants of signs that could be employed to per- 
form each of these functions. 

We thus see that in passing from the second type of the 
orienting basis to the third type, the contents of the teach- 
ing material as a whole change substantially, as do the 
contents of the orienting basis of action: instead of study- 
ing rules relating to the placing of punctuation signs, stu- 
dents are given knowledge concerning the functions of 
these rules; instead of developing actions bearing on the 
application of each individual rule the actions that are de- 
veloped relate to a recognition of the relevant functions. 

In a number of cases the use of the third type of orienta- 
tion requires a restructuring of an entire series of subjects 
rather than merely of individual sections within some of 
them. A study carried out by Reshetova and Kaloshina 
provides an example. The objective was to train a non- 
specialized machine-tool operator so that he would be able 
to carry out all types of processing operations on several 
types of metal-cutting machines (lathe, milling, mortising). 
This required a knowledge of principles underlying all par- 
ticular technologies and an ability to use these principles 
in identifying without further assistance specific procedures 
from a large number of theoretically possible ones. In such 
a context a single subject, namely, ‘Processing Technology 
for Machine Tools” replaced three more specific subjects 
(‘Machine Tools”, “Cutters”, and ‘“Technologies”). The 
logic of analysis was fundamentally changed: traditionally 
it had begun with machine tools and then moved to the 
work piece to be processed; in this case, however, the re- 
searchers considered the work piece first and then the ma- 
chine tool. This made it possible to describe the machine 
lool as “a functional system, whose properties are deter- 
mined by the work pieces for whose production it is de- 
signed” (131, p. 50). By then analyzing the principal tech- 
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nical parameters of individual work pieces—such as their 
geometric form, size, and the relative position of surfaces 
to be processed in relation to each other—the authors 
sought to identify the particular operational and functional 
features of the machine tool that related to these para- 
meters. 

This led to fundamental changes in the contents of the 
subjects being studied as well as of the students’ activities. 
Instead of prepared expositions of the principles govern- 
ing work with each individual machine tool students were 
taught to develop these principles themselves and were 
taught the corresponding method. So they were taught to 
develop an ability to elaborate autonomously the principles 
of machine-tool operation (the kinematics of the machine 
tool’s operating parts) and of selecting cutters that are ap- 
propriate for producing work pieces of any specified form. 
In short, they were taught to solve problems in developing 
methods for shaping specified products. 

Thus, basic structural units were identified from which 
the full diversity of particular situations could be derived 
as well as general rules for combining them in concrete sit- 
uations. It emerged that for work pieces of any form the 
most general units were processing lines (not less than 2) 
which are combined in the light of principles that may be 
inferred, first, from their function (one is a forming func- 
tion—this refers to a real line; the other is a directing line 
and is ideal—it defines the direction of movement of the 
forming one), second, from the angle (the forming line 
must lie at a specified angle in relation to the plane of the 
directing line) and third, from the line’s form (lines may 
be of different forms). It is possible to arrive at the full 
set of possible surfaces by varying these factors one at a 
time or else in groups. 

A system of actions was thus defined in terms of an 
orienting basis that included the fundamental properties 
and relations underlying all possible outputs that may be 
produced on machine tools, rather than properties of indi- 
vidual work pieces. This represents an orienting basis of 
the third type. 

Naturally, students were given methods for identifying 
basic structural units. This permitted them to decompose 
any desired surface into basic units. But this is not yet suf- 
ficient to specify the corresponding properties of machine 
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tools. Functional relations must be established between the 
machine tool’s and culter’s structural clements, on the one 
hand, and the structural units of desired surface shapes, 
on the other. It emerged that specific elementary motions 
that are common to all machine tools correspond to specific 
surface lines of work pieces. The principles governing the 
grouping of such movements that produce a specific kine- 
matics for the machine tool correspond to the principles 
governing combinations of lines. In general, moreover, the 
number of movements corresponds to the number of pro- 
cessing lines while the trajectory of such motions reflects 
the shape of processing lines. 

After assimilating cach of these elementary units and 
their relations students were able to develop on their own 
the principles that govern the operation of machine tools 
(the kinematics of their operating parts) and their cutting 
instruments (cutting edge) needed to produce a desired 
surface for any desired shape (74). 

In analyzing the specific features of the third type of the 
orienting basis and the corresponding new structure of 
course subjects, Reshetova has shown that in fact a sys- 
tems-oriented approach is then applied to the given area of 
knowledge (130; 131). This points to the possibility of de- 
signing orienting bases of the third type through a sys- 
tems analysis of the subject being studied, rather than in 
empirical ways. 

In a systems approach to the diversity of specific phenom- 
ena in a given area, the first step is to identify the system’s 
invariant and to view individual cases as specific variants. 
“This is the principal task of analysis. It is concerned 
with a reduction of differences within a whole to a sin- 
gle generating basis, to their essence” (58, p. 311). 

In the example that has just been considered the invar- 
iant associated with arriving at a work piece of any shape 
is represented by the forming and directing lines and by 
their mutual position in relation to each other, which is 
determined by the angle of the forming line in relation to 
the plane of the directing line. All possible variants of 
forms are produced by changing the shape of these lines 
and the angle of the forming line in relation to the plane 
of the directing line. It is the system’s invariant that must 
be included into the actiun’s orienting basis. This results in 
the following change in the contents of what is being 
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langht: instead of studying a multiplicity of specific sys- 
fem variants that which is common and invariant is stud- 
ied, which lies at the basis of each specific case. It fol- 
lows that students who know the possible variants of in- 
variant components and who possess method for identify- 
ing the invariant’s components are able to both analyze 
new concrete phenomena and design them. 

It is characteristic that students who develop activity 
procedures based on the third type of orientation (systems- 
oriented) are able to design by themselves not only known 
variants of a system, bul new ones as well. {In particular, 
in the study by Kaloshina and Reshetova that was men- 
tioned earlier, ninth-grade secondary school students could 
identify on their own the kinematics of machine tools and 
shapes of cutting edges thal do not yet exist but are in 
principle feasible, as well as those of many existing lathes 
and cutting instruments (74) .! 

Similarly, third-grade students who had been taught a 
syslems-oriented approach in solving “process-oriented” 
problems in arithmetic, in’ the course of our joint ex- 
poriment with G. Nikola, were able to design a large num- 
ber of new problems and solve their new variants (109). 

All this indicates that this type of the orienting basis is 
most effective in developing a capacity for creative think- 
ing.” But it is also very important that students then acquire 
an ability to apply a systems approach to the subject, 
for this makes them able to anticipate new situations in a 
given area and to orient themselves within such situations 
without additional learning. 

The very great advantages of the third type of the 
orienting basis include the fact that they free individuals 
from the need to study each particular phenomenon in a 
given field. This represents a shift to a new method for 


' Similarly, it is charactoristic that members of a control group 
that included) vocational instructors (4 persons), specialists pos- 
sessing a post sccondary technical education (25 persons) and = stu- 
dents specializing in the design of machine tools (25 persons) were 
unable to develop new methods for solving specified problems. 

2 Genuinely creative thinking occurs when a person identifies 
on his own an invariant of the system that he is considering to- 
gether with) an appropriate method. Ino our case it is the teacher 
who phiys such a creative role. But systematic instruction activities 
of this type will substantially enhance the creative ability of the 
students. 
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storing information: instead of a diversity of established 
particular facts and specific methods for analyzing them a 
single method is given. [It is assimilated in relation to a 
number of particular phenomena (their number need not 
exceed the requirements of assimilating that method), but 
subsequently, it permits individuals to design independent- 
ly any specific manifestation of the corresponding system. 

A comparative analysis of the second and third types of 
orientation, raised up to a philosophical level, has been 
done by V. V. Davydov (58). In this connection he has 
shown persuasively that the second type of the orienting 
basis refers to an orientation on phenomena rather than 
on their essence. Such a type of orientation produces em- 
pirical thinking, while conversely, the third type leads to 
theoretical thinking. “To learn the essence means to find 
what is common as a basis and as a single source of a cer- 
tain variety of phenomena, and then to show that this 
common basis determines the emergence of phenomena and 
of relations among thom, i.ec., the existence of concreteness” 
(Ibid., p. 341). 

Jt has been shown that orienting bases of the third type 
provide for such an approach to knowledge. But students 
do not find what is common (the essence) by themselves. 
They receive that knowledge from teachers in the form of 
an orienting basis of actions. They perceive it by analyzing 
a variety of phenomena as manifestations of that which is 
common (their essence). In other words, they assimilate an 
essence through phenomena. In such a context the latter 
perform a new function: they serve as a means for assimi- 
lating the essence that has generated them, rather than as 
objects of assimilation. 

This is also true of the manner in which activity itself 
is oriented. It has already been noted that the students’ 
orienting basis of action must contain necessary informa- 
tion concerning the particular activily that he is expected 
to carry oul. This information may be conveyed in a con- 
crete form that is relevant to the execution of only the 
given activity. In such cases the student finds himself in 
the position of the figure from Moliére who was not aware 
that he was speaking in prose. But it is also possible to 
convey the orientation relating to a specified activity on a 
fundamentally different level, namely that of its structural 
and functional characteristics. In such cases in orienting 
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themselves in relation to a specific activity students will 
view it in the light of activity in general. The resulting ac- 
tivity then appears as a means for assimilating the struc- 
tural-functional characteristics of any human activity. Sub- 
sequently, this makes it possible to organize new types of 
activities without further assistance (135). 

These and later studies (I. I. Ilyasov) have shown that 
an activities-oriented approach to the process of learning 
provides a basis for a constructive approach to the problem 
of ‘teaching to learn”. It was found that an orienting basis 
must then be given not only in relation to the structural- 
functional characteristics of activity, but to the logic of 
formation stages of new types of cognitive activities as well. 

Finally, studies of relations among individual elements 
of actions have made it possible to approach the problem 
of a goal-oriented development of creative types of activi- 
ty. In the study by I. P. Kaloshina and N. A. Dobrovol- 
skaya it is shown that students who orient themselves on 
the structural characteristics of activities are able to iden- 
tify without further help the relations that exist among 
their individual elements, while a knowledge of such rela- 
tionships makes it possible to identify others that are ini- 
tially unknown.! 

This analysis shows that whenever this is possible ac- 
tions (activities) should be programmed in terms of an 
orienting basis of the third type. This makes it possible to 
raise the effectiveness of instruction to a radically new 
level. 


' This study was concerned with problems whose solutions re- 
quired the development of additional structures. In the past the 
selection of a particular additional construction remained a mystery; 
it was not clear how a person arrived at the thought that additional 
structures must be of a particular type rather than of another. The 
analysis that was carried out by the authors has shown that the 
further development of additional structures within a given structure 
of activities always operates as instruments. These are related to 
the outcomes of activities in a specific way. Thus, a knowledge 
of the corresponding features of outcomes makes it possible to 
identify the required instruments. Members of the experimental 
group developed activities needed for analyzing the structure of 
activity and for establishing relations among its clements. Having 
mastered that activity they were able to find independently the 
corresponding relation between outcomes and instruments of ac- 
tivity. With the help of that relationship and knowing the specifica- 
tion of the oulcome they found the necessary instruments, namely, 
specific auxiliary constructions. 
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§ 4. The Stages of Development 
of Mental Actions 


A knowledge of the structure, functions and basic charac- 
teristics of aclions makes it possible to model the most ra- 
tional types of cognitive activity and to identify the spe- 
cifications that mark the conclusion of a learning process. 
In order that programmed types of cognitive activities be 
assimilated by the learner they must pass to a number of 
distinct states that are qualitatively specific in terms of each 
of their basic characteristics. Before an action becomes 
mental, generalized, condensed, and assimilated it passes 
through transitional states. Such major transitional states 
constitute stages in the assimilation of actions, each being 
characterized by an aggregate of changes in the action’s 
basic properties (parameters). 

The theory under consideration distinguishes five stages 
in the process of assimilating fundamentally new actions 
(36; 38; and others). In recent years Galperin has pointed 
to the need for introducing still another stage, whose prin- 
cipal task is to create the necessary motivation in the stu- 
dent. Whether or not the solution of that problem consti- 
tutes an independent stage, the presence of motives required 
for causing a problem to be accepted by students and 
to be resolved in an adequate manner must be assured. If 
they are not present, the corresponding actions and the re- 
quired knowledge will not be developed. (It is well known 
that if a student does not wish to learn he cannot be 
taught.) In order to create positive motivations problem 
situations are usually created whose solution requires the 
particular action that one wishes to develop. 


1, Characteristics of the Major 
Stages in the Process 
of Assimilation 


At the first stage students receive necessary clarifications 
concerning the objective to which the action relates, its 
object and the system of guidelines. This stage is concerned 
with an initial familiarization with the action and the 
conditions under which it can be carried out. It represents 
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a stage of jormation of an outline of the action’s orienting 
basis.! 

The significance of that stage in the action’s develop- 
ment is very considerable. It is at that point that the ori- 
enling basis of action is perceived by the student, that an 
introduction to the object of study is presented, and that 
students are shown in what way and in what sequence the 
three types of operations required by an action are carried 
out (the orienting operations, the executive ones, and the 
control operations). Depending on the type of orienting 
basis students are either given the basic elements that un- 
derlie all specific manifestations in the given area of knowl- 
edge or the characteristic features of a specific manifesta- 
tion. 

At that stage the teacher externalizes his mental actions 
and displays them to the students in a material or mate- 
rialized form. Students, on the other hand, who have not 
yet mastered this action to any significant extent rely on 
actions that were developed earlier (largely in a perceptive 
and mental form) and elaborate an orienting basis for 
a new action. This is not yet an action but merely a famil- 
ijarization with it and with the conditions needed for its 
successful execution. This makes it possible to understand 
the logic of that action and possibilities for carrying it out. 

‘‘Whatever the quality of the orienting basis may be and 
whatever the form in which it is provided—either as a 
conception or as an external outline—it remains no more 
than a system of instructions concerning how the new ac- 
tion should be carried out, and is not the action itself. The 
student has not yet performed an action and has not even 
begun to produce it. Yet without performing an action one 
fails to assimilate it’ (36). 

It is particularly important to emphasize the distinction 
between understanding how to act and the actual ability 

' In the studies by Galperin that stage has been given several 
names. At first it was called “the stage of development of a pre- 
liminary conception concerning the assignment” (32); then it was 
called “the stage of clarifying the orienting basis of action” (38, 
p. 37); later still it was called “the stage of familiarization with 
the action’s objective conditions and their representation in the form 
of a plan recorded in summary form on a card” (38). At the present 
time Galperin refers to the first stage as the stage of working out 
an outline of an orienting basis of action. We see that as these 


names evolved they have increasingly emphasized its principal con- 
tents. 
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of acting, since it is widely thought in the practice of teach- 
ing that if a student has understood he has also learned 
and that the objective has been reached. In fact, the as- 
similation of an action (activity) takes place only when 
the student himself performs that action and not when he 
observes the actions of others. This is why the present 
theory identifies four more stages following the initial one, 
which refer to the execution of actions, being assimilated, 
by students themselves. 

The second stage refers to the development of action in 
a material (or else materialized) form.’ Students already 
carry out actions, but for the time being they still do this 
in a material (or else materialized) form and with an ex- 
tensive specification of all component operations. The 
orienting, executive and control components of the action 
are all performed in such a form. That stage permits stu- 
dents to assimilate the action’s contents and permits the 
teacher to carry out an objective control over the execution 
of each component operation. 

In order to generalize the action, the teaching program- 
me includes problems that reflect typical situations in which 
the given action is appropriate. There should not, however, 
be many similar problems at this stage since this may pro- 
duce a condensation and automation of action. Neither 
should take place at this particular stage. In other words, 
at that particular stage students assimilate actions that are 
material (or else materialized), extensive and generalized 
within the framework of major types of examples, and 
perform all component operations in a conscious manner 
(40). 

At that stage a preparation should also take place to 
move the action to the subsequent stage, which differs 
from the preceding one above all in the form of action. To 
achieve this from the very first the material (or else mate- 
rialized) form of action is combined with the verbal form: 
students formulate verbally everything that they carry out 
in practice, that is, materially. 


' The names of the second and subsequent stages correspond to 
the names of forms of action. Yet, the content of the concept of a 
form of action and that~of a stage of its development differ: a change 
in the form of action refers to a change in merely one of its 
parameters, while changes in the stage relate to all four parameters, 


111 


Once the action’s entire contents have been assimilated 
it must be moved to the next or third stage, namely, the 
stage at which actions are developed in the form of ea- 
ternal speech.' At that stage, in which all elements of ac- 
tion are represented in the form of external speech, the 
action experiences a [further generalization. It is still, how- 
ever, unautomated and uncondensed. 

At that stage speech begins to perform a new function. 
“In the first and second stages, speech served primarily as 
a system of pointers to phenomena that gradually became 
directly evident in perception; it was the task of the stu- 
dent to discern not the words but the phenomena, and to 
orient himself in relation to them and master them. Now, 
however, speech becomes an independent embodiment of 
the entire process, including both the task and the action” 
(36, p. 455). Speech actions must always be assimilated 
in extensive form: all component operations must not only 
acquire a speech form, but be assimilated in that form. 
Generalized actions acquire new capacities at that stage 
which are provided by the speech form of action. In par- 
ticular, new typical situations may be conveyed with the 
help of speech that could not have existed at the preceding 
stage. In developing the action of associating an object 
with a concept, for example, generalizations are limited to 
two situations at the preceding stage, namely, the one in 
which the object does belong to a given class, and the one 
in which it does not. At the third stage, however, actions 
may be generalized by introducing situations with incom- 
plete conditions. At its concluding phase actions begin to 
be carried out with omissions of individual speech form 
operations. In principle this may represent the beginning 
of a genuine condensation of actions (i.e., operations are 
not carried out but are kept in mind), but it may also rep- 
resent a transition of operations to a mental form. In such 
a case, there is no condensation of actions. All operations 
are carried out, but some of them have acquired a new 


' In the studies by Galperin that stage is called the stage of 
development of actions in voiced speech (38, p. 37). But it has al- 
ready been noted (see Paragraph 2 in the present chapter) that in 
a number of studies the written speech form was employed success- 
fully. Since we have therefore changed the name of the correspond- 
ing form of action we will also change the name of the correspond- 
ing stage. 


1412 


form.! At the external speech stage actions should not be 
carried to the level of automation. 

The fourth stage is the stage at which actions are devel- 
oped as unvoiced external speech. It differs from the pre- 
ceding one in that the action is carried out silently and 
without writing as being expressed within oneself. Initially, 
the action does not differ from the preceding stage in terms 
of its other characteristics (extensiveness, consciousness, and 
state of generalization). Nevertheless, once they assume a 
mental form actions begin to rapidly experience reduction 
and automation and acquire the form of operation conform- 
ing to a formula (/bid., p. 457). 

From that moment actions move to the concluding fifth 
stage—the stage of development of actions in internal 
speech. 

At that point they rapidly acquire an automated form 
and become inaccessible to self-observation. They are now 
acts of the mind within which the process is hidden and 
only its outcome lends itself to awareness: ‘‘within the 
newly formed mental action nearly all of its actual con- 
tents are removed from consciousness, and that which re- 
mains within it cannot be understood correctly without 
being related to the rest” (/bid., p. 458). 

In this way, mental actions, which are so unlike the ex- 
ternal material actions that generated them, are products 
of the latter’s stage-by-stage transformation. ‘‘A stage-by- 
stage development of ideal, and in particular of mental ac- 
tions, relates psychic activities to external object-oriented 
material activities. It provides a key not only to under- 
standing psychic phenomena but to their practical mastery 
as well” (Jbid., p. 466). 

Since these stages are characterized by a set of indicators 
relating to all four parameters, there naturally arises 
the problem of specifying values for each of them at each 

' In noting such a change in action Galperin describes it as a 
condensation. In our own view, however, the grounds for stating 
this at the present time are insufficient, since the omission of a 
speech form operation can be explained both by a condensation of 
the action and the operation’s transition to the next genetic form. 
This is, in fact, noted by Galperin, when he writes that “the es- 
sence of the mechanism of reduction is this: initially for a very 
limited sector material actions are replaced by ideal actions (view- 
ing, attention)” (38, p. 8). Since at the present time there are no 


methods for establishing the nature of such changes with certainty 
this remains a problem area. 
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of the stages. It has been noted, however, that qualitative 
changes have been identified for only one of the four char- 
acteristics, namely, form, and that for the present they re- 
main unknown for the other three. Since changes in the 
form of action play a leading role, they also play the role 
of indicators of transitions from one stage to another. 

As for other characteristics, several points may be noted. 
First, the action in each new form must initially be fully 
extensive: all component elements must experience a trans- 
formation in form. Second, at no stage except the last one 
should the assimilation of actions be carried to the point of 
automation. This means that the basic characteristics of ac- 
tion influence each other as they develop: the automation 
of action in one of its preceding forms inhibits its transi- 
tion to genetically more advanced forms. Their (material) 
form constrains possibilities for their generalization. 


2. The Organization of Control 
(Evaluation and Correction) 
Over the Process of Assimilation 


In the stage-by-stage development of mental actions the 
organization of control represents a special problem. Gal- 
perin’s view that attention represents an internal control 
implies that external control must be gradually replaced 
by internal control and must be transformed at the con- 
cluding stage into an act of attention. ‘‘The operation of 
control is transformed into attention which from the point 
of view of direct observation (intraspection) appears as a 
kind of activity, i.e., an aspect of (our own) working action 
that cannot be defined more closely (J/bid., p. 460). 

In organizing the control component of actions it is ne- 
cessary to know what type of control must be exercised 
(whether it should relate to individual operations or to 
their final outcome), how frequently it must be exercised 
(in relation to each task or only some of them). Finally, 
external control may be carried out either by the students 
themselves or by another person (a teacher or, for exam- 
ple, a neighbouring student). 

In order to study the influence of all these factors on 
learning effectiveness, we have carried out a special exper- 
imental project together with S. El Hodarie. This related 
to the development of the actions of associating objects 
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with concepts as applied to the teaching of elementary geo- 
metric concepts (rays, segments, angles, bisectrices, per- 
pendicular lines). he group included 72 third-grade stu- 
dents from Moscow School No, 194. 

More specifically, these studies were concerned with the 
relative effectiveness of control over individual operations 
us. control in terms of final outcomes, as well as of syste- 
matic control vs. occasional control (i.ec., applied to 50 per 
cent of the cases). Also of external control by teachers and 
other students vs. self-control. These factors, moreover, 
were not studied in isolation from each other. A ‘‘compre- 
hensive factor approach’ was employed. 

The students were divided into 12 groups in accordance 
with selected factors. Each group and each student were 
simultaneously subjected to the influence of all three spe- 
cified factors. Subsequently, all students were given the 
same check tests whose purpose was to check the quality 
of the action that had been developed in terms of the fol- 
lowing indicators: the correctness of its execution, the time 
required, the attained form of action, the degree of aware- 
ness, its state of generalization, its rationality, and its sta- 
bility (this was verified again three months later). In ad- 
dition, visual observations during the course of learning 
and conversations with students made it possible to acquire 
some information concerning the students’ motivation. 

The findings indicated that with regard to all recorded 
characteristics control in terms of operations was more ef- 
fective than control in terms of final answers. 

The influence of the frequency of external forms of con- 
trol was shown to be ambiguous. Occasional control led to 
a deterioration of the quality of assimilation in terms of 
form, degree of assimilation and stability. But no signifi- 
cant differences were found with regard to the elements of 
awareness, rationality, and extent of generalization. Tests 
relating to influences on motivation indicated the follow- 
ing: non-systematic control at the stage of materialized ac- 
tions and external verbal actions (especially during the 
first phases) caused negative attitudes on the part of stu- 
dents. Subsequently the use of occasional control did not 
cause negative attitudes. Conversely, systematic external 
forms of control produced negative reactions towards the 
end of the external speech stage and at the stage of exter- 
nal unvoiced speech. 
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These findings indicate that the required frequency of 
external control depends on the stage of assimilation, and 
also that it must be changed within individual stages. This 
may be easily explained: at the beginning of the material- 
ized stage, and at the beginning of the external speech 
stage, students assimilate new forms of action and require 
systematic control. Towards the end of these stages the 
corresponding forms have already been assimilated and sys- 
tematic control in external form is therefore no longer 
needed: it is carried in internal form. Gradually, the con- 
trol component of actions is transformed into acts of atten- 
tion. This is why the introduction of external forms of 
control at that stage produces negative attitudes. A similar 
situation exists at the stage of external unvoiced speech: 
since there are then no substantial qualitative changes in 
the form of action students do not need systematic external 
control. Self-control is then sufficient. 

Still another important finding was recorded: systematic 
control produces a positive influence at these stages only 
when it is executed in terms of individual operations. If, 
on the other hand, control is carried out in relation to final 
results its systematic character exerts no perceptible in- 
fluence on the quality of assimilation. Apparently this is 
explained by the fact that an absence of control over indi- 
vidual operations greatly impedes the process of assimila- 
tion by not permitting timely corrections in its course; in 
such a context the introduction of systematic control over 
the outcome of actions does not add anything to the situa- 
tion.! 

As for the third factor being examined, namely, the meth- 
od through which control is effected, no significant differ- 
ences were found among various groups with regard to 
the quality of assimilation. But a comparison in terms of 
the quality of the course of that process shows that con- 
trol by the teacher is more effective than is self-control or 
control by other students both in those groups in which 
control activities related to the final answer and in those 
in which they were occasional. In the case of systematic 
control over individual operations there were no significant 


' The non-relevance of the frequency of control activities in cases 
in which control relates to final outcome has also been shown by 
n.any other researchers: cf. Chapter Six, § 5. 
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differences among groups: control by teachors, by other 
students, and external self-control yielded the same results. 
As for the attitude of students to methods of control the 
following was found: self-control and also control by other 
students produced a positive altitude while control by 
teachers did not produce any particular reaction, It is: pos- 
siblo that this difference in attitudes is explained by the 
clement of novelty: control on the part of teachers is fa- 
iniliar, while other forms of control are new. [t should also 
be noted that positive attitudes in groups in which the stu- 
dents worked in pairs that controlled each other in’ turn 
were more stable than ins groups relying on self-control 
(1933). 

This study thus makes it possible to formulate the fol- 
lowing requirements relating to the organization of control 
activitios: 

1. During the initial stages of the process of assimila- 
tion control activities should relate to individual operations. 

2. At the beginning of the material (matorialized) and 
external speech stages external control should be systematic 
and relate to cach assignment. 

3. At the end of these stages and also at tho subsequent 
stages, such control activities should be occasional as re- 
quired by the student. 

A. ‘The particular method of effecting control (who con- 
trol4) does not have a fundamental influence on the quality 
of assimilation. At the samo time the element of novelty 
in forma of control and a reliance on compotitive situations 
(in which students work in pairs, and control each other 
in turn) contribute to the creation of a positive learning 
motivation. 


3. The Role of Individual 
Assimilation Stages 
in the Development of Actions 


The identification of the major stages in the process of 
assimilation raises the following question: what is the rolo 
of each in the development of actions, and is it possible to 
omil individual stages in developing particular actions? 

Two cases should be distinguished in’ examining this 
problem: a) the possibility of omilting stages in utilizing 
a previously developed action for purposes of assimilating 
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new knowledge; b) the possibility of omitting stages in the 
development of a new action to assimilate new knowledge. 

Let us begin our analysis with the first case. 

Two of our studies (99; 164) were concerned with the 
action of associating objects with concepts. The concepts in 
question were ‘a straight line’ and ‘‘an angle’. The mem- 
bers of the group were fifth- and sixth-grade students 
whose performance had been low or average. The action 
was carried through all stages of the assimilation process. 

Only a specific concept and one representation of a figure 
belonging to that concept was presented in developing the 
following concepts: ‘“‘bisectrix”, ‘perpendicular line” and 
“adjacent angles”. The students were asked to infer nec- 
essary and sufficient attributes from the corresponding defi- 
nitions and to pass immediately to the mental stage in 
solving a number of problems relating to the association of 
objects with these concepts. The problems were given in 
written form. In terms of their contents and of the relation 
of drawing to specified conditions, they were divided into 
four types: 1) problems with sufficient conditions and ade- 
quate drawings; 2) those with sufficient conditions but in- 
adequate drawings; 3) problems with inadequate conditions 
and adequate drawings (all possible cases corresponding to 
the problems conditions); 4) problems with inadequate con- 
ditions and inadequate drawings. 

Problems also varied in complexity: in some cases only 
one of the relevant concepts was given and the concept’s 
attributes were presented explicitly; in others the relevant 
concept was given within a system of concepts and its at- 
tributes were presented indirectly by specifying relations 
among individual concepts, including concepts that were 
unfamiliar to the student. 

It was found that all students. were able to answer the 
problems correctly. The occasional errors that were made 
were corrected by the students themselves, and there were 
only three such errors (1.7 per cent) in 176 solutions, in- 
volving applications of the concept ‘‘adjacent angles”. 

In check tests the object of action was presented in ex- 
ternal speech form (a written specification of conditions). 
The students were expected to remember the attributes that 
were relevant to the problem’s solution. It emerged that the 
students answered different problems at different levels 
(stages). The simpler ones were answered at the mental 
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level while the more complex ones were solved at the ex- 
ternal verbal level (with a voiced listing of attributes and 
reasoning). In solving problems relating to the application 
of attributes of the concept ‘“‘bisectrix’” only 4 out of 110 
solutions were carried out at the external verbal stage (3.6 
per cent). But in solving problems relating to the applica- 
tion of attributes of the next concept, namely that of ‘‘ad- 
jacent angles”, 120 out of 176 solutions were carried out 
with the help of spoken words (68.2 per cent). In carrying 
out problems relating to the application of the third con- 
cept, namely that of ‘‘perpendicular lines” the absolute 
majority of problems were solved at the level of internal 
speech: only 16 out of 198 problems were solved with the 
help cf spoken words (8.1 per cent). This may be explained 
by the fact that the concept “adjacent angles” possesses 
a larger number of attributes than the other two concepts. 
Apparently, it is difficult to select and compare large num- 
bers of attributes in one’s mind and students shift to the 
use of spoken words. 

It also became apparent that most of the solutions that 
were carried out at the external verbal level related to prob- 
lems whose conditions were inadequately defined. This 
always produced greater difficulties among students than 
other types of problems. 

Thus it was found that the development of new concepts 
on the basis of previously formed actions may take place 
with omissions of several stages, and that the number of 
omitted stages is determined by the complexity of the prob- 
lems: as problems increase in complexity the next stage 
will be closer to the initial form of action. 

It may seem at first that these findings show that not all 
the stages that we have considered are mandatory. But that 
is not the case. For the action of associating an object 
with a concept had already passed through a stage-by-stage 
transformation in relation to other concepts. The use of 
that action with regard to new concepts requires only a 
partial change in the orienting basis of this action. Indeed, 
in associating objects with the concept an “angle” students 
have to orient themselves first on the necessary and suf- 
ficient attributes of an angle and then on the logical rule 
of association. The logical part of the orienting basis of 
action and the operations associated with that action in 
work with earlier concepts were immediately developed in 
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a generalized form (in terms of the fourth type of orien- 
tation) which is suitable for recognizing objects belonging 
to any concept possessing the same structure of attributes. 
Since the action, including its logical part, was carried to 
the mental level, it is natural that in the development of 
subsequent concepts that part of the action may then be 
employed as an acquired means. Only the specific part of 
the action of associating an object with a concept will be 
new, namely, the specific system of attributes that is suf- 
ficient for identifying objects of the given class and the 
methods for identifying them within objects. 

Thus, in fact, the given action proved to be only partly 
new, and it was the new part that had to be subjected to 
a stage-by-stage transformation. This was not required by 
its other elements. 

Thus, a knowledge of an action’s structure, of its ‘past’, 
and of the new conditions within which it is to be applied 
makes it possible to determine purely analytically which 
of its elements will require a full stage-by-stage processing 
within the new conditions and which may be applied im- 
mediately at the level of higher stages. 

The case that we have considered is not typical, for the 
role of various stages in the development of an action may 
be traced in a pure form the very first time it is introduced 
into the learning process. Such cases were studied by P. Ya. 
Galperin and N. D. Kadymova (73), and by the present 
author and V. V. Nikolayeva (173). 

The first of these studies was concerned with the devel- 
opment of the concept ‘perpendicular lines”. The stage 
of materialized action was omitted by some students, others 
omitted the external speech stage, while still others omit- 
ted the stage of mental action.' Finally, a fourth group of 
students relied exclusively on the first and last stages, i.e., 
they passed immediately to the stage of mental action 

Experiments have shown that while the assimilation of 
actions and of corresponding concepts is possible with 
omissions of individual stages, this presumes a comprehen- 
sive development of all the others. The omission of differ- 
ent stages influences the course of the learning process in 
different ways. Thus, in the case under consideration the 


1 At that time (1955) the external unspoken stage was not yet 
viewed as a distinct one. 
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omission of the stage of mental action exerted no influence 
on the quality of learning. The omission of the external 
speech stage exerted a negative influence on the stage of 
mental action: actions at that stage required much more 
time than normally, remained extensive in form, and be- 
came automated more slowly. This expressed itself in the 
fact that in passing to the stage of “unvoiced” actions, so- 
lutions to problems were carried out much more slowly, 
unlike in cases in which all processing stages were carried 
out. 

The consequences of omitting the materialized stage were 
especially evident. In such cases students initially did not 
employ the attributes that had been given to them verbally, 
even though they could list them without errors. The re- 
searcher found it necessary to continually recall these at- 
tributes, to insist that they be applied, and to provide addi- 
tional explanations. As a result the external speech stage 
was considerably lengthened. When both the material and 
the external speech stages were omitted it was not possible 
to develop the corresponding action and concept. 

This study has thus shown that the initial stages in the 
development of actions are much more important than the 
final ones. In the initial stages actions experience major 
transformations in form: they are assimilated in a material 
(materialized) form and transformed into a verbal form. 
Subsequent transformations in form are less important; at 
the last stages (external unvoiced verbal forms and mental 
forms) actions remain verbal and all changes take place 
within the verbal form—from the external verbal form they 
are transformed into the mental form with the help of in- 
ternal speech. 

In analyzing the results of that study it is important to 
note that in assimilating the initial form of an action its 
materialization was incomplete: the orienting basis of ac- 
tion was limited to a system of essential attributes listed 
on a card, i.e., presented in a speech form. As a result the 
process of relating attributes to objects was not material- 
ized: drawings served as objects and they naturally could 
not be compared with conceptually specified attributes. It 
is, therefore, not possible to accept the findings of that study 
as fully conclusive. 

The objective of our joint study with V. V. Nikolayeva 
was to clarify the specific features that characterize the de- 
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velopment of actions of associating objects with concepts 
in situations in which the external speech stage and the 
stage of external unvoiced speech were omitted, and in 
which the initial form of action varied with the group. That 
study referred to elementary geometric concepts such as 
“straight line”, “angle”. “perpendicular line”. ‘adjacent 
angles”. Three groups of students participated in the ex- 
periments (fifth-grade students of average performance). 
There were ten persons in each group. The methodology 
that was employed in each group differed only in the fol- 
lowing respect: for the first group the initial action was ma- 
terial in all its elements (students were concerned with real 
objects). In the second and third groups the initial action 
was materialized: students in the second group referred 
to spatial models, while students in the third group to draw- 
ings. In addition half the members of each group (sub- 
group A) were given a card at the stage of material (or 
materialized) actions, on which the essential attributes of 
the concepts in question were written in a specific order. 
The second half of each group (sub-group B) only heard 
oral enumerations of these attributes. 

In all other respects the teaching methodology was iden- 
tical. Following the mastering of the action in material (or 
else materialized) form students shifted immediately to its 
mastering in mental form bypassing the external speech 
stage and the external unvoiced speech stage. 

In mastering the initial form of action students were giv- 
en either objects (Group I), models (Group IT) or drawings 
(Group III) to be associated with the concept being devel- 
oped; at the stage of mental action all students were given 
problems in written form, without drawings, requiring that 
objects be associated with concepts; moreover there were 
more problems requiring actions in the mental form (twice 
as many) than are usually given to students for mastering 
it at all stages. The total number of problems solved by 
students was thus the same as in cases in which indicated 
stages were not omitted. 

All students were subsequently given the same series of 
check tests concerned with actions of associating objects 
with concepts in different situations. 

The results produced by the learning series of experi- 
ments are given in Table 3 (second series of experiments). 
Results obtained in another study are also presented in that 
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table (the first series of experiments) in which the action 
of associating objects with concepts was developed without 
omitting any stage (172). This, too, refers to a group of 
30 students. Each sub-group was given 315 problems. It 
may be seen from the table that the omission of the ex- 
ternal speech stage and the external unvoiced speech stage 
inhibits the process of action development: there were 3-4 
times as many errors in the second series as in the first, in 
which no stages were omitted. A comparison of results in 
terms of the second series shows that the omission of the 
external speech stage was least significant for students in 
the second group, whose initial form of action referred to 
models. The fact that there are somewhat fewer errors in 
that group than in the first, ‘‘real objects-oriented” group, 
is probably explained by the circumstance that the models 
specified those geometric relations that were important for 
the action of associating objects with concepts. As a result 
the transition from models to concepts and the process of 
abstracting from nonessential attributes required less effort 
than in the case of objects in which attributes that are es- 
sential for the action are merged with a large number of 
nonessential attributes. As in the case of the first series 
the results of the third group were much worse. Its mem- 
bers were given drawings, and as a result they were able 
to associate sample items with objects only visually. Thus, 
the data of the second series of experiments confirm once 
more the importance of providing for active manipulation 
at an action’s initial stage. In all sub-groups in which stu- 
dents were given a card with a system of essential attributes 
when mastering the action in the initial form (sub-group 
A), the results were better than in those sub-groups to 
which no cards were given (sub-group B). This is explained 
by the fact that when the card is available at the stage 
of material (or materialized) action a part of the orienting 
basis of action is mastered not only in a material (or else 
materialized) form but also in a speech form, and this fa- 
cilitates a transition to the mental form of action. The stu- 
dents’ achievements at various stages are recorded in Table 
4 (the first series refers to cases in which all stages of ac- 
tion were mastered, while in the second series the external 
speech form was omitted). The table shows that most of 
the errors made by students in the second series occur at 
the stage of mental action. This points to the difficulty of 
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a direct transition from the stage of material (materialized) 
action to that stage. 

At the initial stage of action there are few errors in both 
the second and the first series.! Most errors in the first se- 
ries occurred at the external speech stage, at which the as- 
similation of action in a speech form first takes place. At 
the stage of mental action there are fewer errors. This in- 
dicates that a transition to that form is not difficult once 
the external speech form has been developed. In the sec- 
ond series of experiments, in which the external speech 
form was omitted, nearly all errors occurred at the mental 
stage of action. It is characteristic that the number of er- 
rors at that stage, when the external speech form and the 
“unvoiced external speech form” (Series Il) were omitted, 
is much greater than for the external speech stage and the 
stage of mental actions taken together for the case in which 
all forms of action are assimilated (Series I). The omission 
of the external speech form of action inhibits the develop- 
ment of action in mental form. It is interesting that when 
they were correcting errors made at the stage of action in 
the “unvoiced” form, students shifted spontaneously to a 
voicing of solutions. Many students sought to represent the 
conditions specified in the problem through diagrams and 
students from the first (‘‘object-oriented”) group sought to 
rely on external objects in their surroundings. 

The number of errors made by students is distributed 
unevenly, not only among stages but also among concepts 
(Table 5). 


Table 5 
Group I Group II Group III Total 
Concepts TTT aor | 2 F number 
A B A B A B of errors 
Straight line 25 30 26 29 43 50 . 203 
Angle 47 9 9 20 24 90 


11 
Perpendicular line; 9 14 14 18 20 28 103 
Adjacent angles 30 29 24 29 33 43 185 


1 It is not clear why in both series of experiments actions with 
models proved to be more difficult than actions with real objects. 
It may be because the real objects were familiar to students (books, 
tables, ink wells, ctc.) while they encountered models for the first 
time. 
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For all sub-groups (except I A) the greatest number of 
errors is associated with the very first concept, namely a 
“straight line”. Having partly assimilated the action of as- 
sociating an object with a concept (in an “unvoiced” form) 
in such a context students experience fewer difficulties in 
working with the concepts of an “angle” and of a “perpen- 
dicular line”. But in encountering the more complicated 
concept of “adjacent angles’, which possesses three essen- 
tial attributes, the number of errors in carrying out actions 
in mental form increased sharply once again. 

The check tests required members of all groups to carry 
out the action of associating an object with a concept in 
different forms, including the materialized, external speech 
form, and mental form. Except for Group III, there were 
no significant differences in the responses among various 
groups. Nor did the omission of indicated stages lead to a 
substantial deterioration in results (a comparison was made 
with the first series of experiments in which there were no 
omissions). 

While members of the third group were successful in 
solving problems calling for an orientation on concrete ob- 
jects, they experienced substantial difficulties in solving 
problems calling for an orientation on concepts. The perform- 
ance of sub-group III B was especially poor. There it was 
in fact not possible to arrive at satisfactory actions. 

The outcomes of the teaching series of experiments and 
check tests make it possible to arrive at the following con- 
clusions: 

1. The omission of the external speech stage of action 
inhibits the process of its development substantially, even 
when the organization of action assimilation at other stages 
is comprehensive; this occurs, moreover, for any initial form 
of action. 

2. The omission of the external speech stage of action in- 
hibits the process of abstraction from nonessential proper- 
ties, without which an action cannot be translated into a 
conceptual form. As a result, those groups suffered least 
from an omission of the external speech stage of action in 
which the initial action was mastered in terms of models. 
In all sub-groups in which students were given a card at 
the stage of material (or else materialized) actions on which 
the attributes of the concepts in question were represented 
the consequences of omitting the external speech stage of 


427 


action were less pronounced than in other sub-groups, since 
this produced a partial mastering of action in an external 
speech form. 

3. It is not possible to arrive at a successful development 
of a concept at the stage of material (materialized) action 
in cases in which the active use of hands and the use of 
cards listing essential concept attributes are excluded. 

The results of this study thus generally coincide with 
those of Galperin and Kadymova: the omission of the ex- 
ternal speech stage seriously inhibits the development of 
the action of associating objects with concepts. 

Beyond this, the replacement of material operations by 
perceptive ones at the material stage in fact produces the 
same result as the omission of that stage itself. Indeed, in 
the first study it was not possible to develop concepts when 
the material and external speech stages were omitted. In 
the second study the same result was produced by omit- 
ting the external speech stage and excluding the use of 
hands at the material stage. 

While emphasizing the significance of the material (ma- 
terialized) stage in developing new actions, it should nev- 
ertheless be noted that the introduction of objects and 
models into the teaching process, followed by their abandon- 
ment, is not always equivalent to the organization of a ma- 
terial (materialized) stage of action. 

In the case of many production skills, for example, it is 
necessary to create an orientation on a muscular effort, and 
to some extent this must therefore be included into the 
orienting basis of action. The required level of muscular 
effort is then measured and recorded on a scale connected 
to dynamometer. The units employed for such a recording 
are then employed by students as an external material 
guideline: when performing the corresponding action they in- 
crease their muscular effort to the level at which the mov- 
ing hand of the instrument reaches the indicated level (ex- 
ternal guideline). 

Such a material external representation of a guideline 
makes it possible to develop specified levels of muscular 
effort. This makes it possible for students to experience a 
kinesthetic feeling of that effort. After a number of repe- 
titions the feeling is remembered. It may then serve as an 
internal guideline in arriving at a specified level of mus- 
cular effort. The external guideline in the form of a scale 
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and pointer are then no longer necessary (195). But in this 
case we cannot say that the internal guideline is acquired 
through a stage-by-stage transformation of the external one. 
The problem was not to develop a kinesthetic feeling but 
only to actualize it. In such a case the external guideline 
helped the student to activate the required level of mus- 
cular effort, and hence the corresponding feeling, which 
then replaced the former, but did not cause its transfor- 
mation. 

On the other hand, it is not always possible to represent 
all elements of a developing action in an external material 
(or materialized) form. For example, in developing the 
action of analyzing sounds the objects of action are words. The 
orienting basis of action contains sample sounds constitut- 
ing a word, as well as their number and sequence within 
a word. The executive part is concerned with dividing words 
into sounds and an identification of their sequence. 

Studies usually partly materialize the object of action and 
its orienting basis. Thus in the study by Elkonin (187) a 
spatial-graphic figure was presented for that purpose that 
modelled a number of component sounds. In addition the 
outcomes of the executive part were materialized: each cor- 
rectly identified sound was recorded on the spatial model 
of that word with the help of a label. The executive oper- 
ations were not materialized: from the very first sounds 
were identified in a perceptive audible form. Students were 
guided towards a system of executive operations with the 
help of special procedures. In such cases the guidance of 
the corresponding action’s development is incomplete and 
does not encompass all its elements. It should be empha- 
sized as well that such a guiding process is possible only 
in cases in which the corresponding system of cognitive 
actions has already been developed as a result of earlier 
experience. 

This description of the stage-by-stage development of 
mental actions cannot be viewed as complete. It does not 
reflect sufficiently changes in action in terms of each rel- 
evant parameter: we have only considered one of them, 
namely, form; the “behaviour” of other parameters at each 
of the indicated stages has not yet been sufficiently stud- 
ied. It is the task of subsequent research to identify qual- 
itative changes in each. At the present time this has only 
been done in relation to the form of actions. This is insuf- 
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ficient for an understanding of the process through which 
internal mental actions emerge. 

As H. Wallon (322) correctly observes, in order to un- 
derstand the principles that govern the development of 
psychic actions it is very important to know the dynamics 
of transitions. This is more important, in his view, than to 
know the forms that have developed, or to possess a static 
description of the process’s basic stages. At the present time 
the dynamics of transitions of actions from stage to stage 
have also been studied insufficiently. Data that have been 
accumulated in the course of various experimental studies 
merely indicate that transitions from one stage to another 
vary in difficulty. Transitions from the material stage to the 
external speech stage are especially difficult, and it would 
appear that they should take place gradually both in their 
qualitative aspects, and, if this is appropriate, quantitatively 
as well. 

The gradual character of transitions along the first of 
these lines primarily refers to the fact that a translation 
of the material form of action into an external speech form 
frequently requires intermediate transformations along that 
parameter. For example, if at the second stage the objects 
of actions are material objects or else corresponding draw- 
ings, a transition to a conceptual object specified in an ex- 
ternal speech form frequently requires an initial transition 
to models, sketches and drawings and only then to a verbal 
object of action (47; 142). Similarly, a transition from man- 
ual operations (practical) to verbal (theoretical) operations 
sometimes takes place more easily through a _ perceptive 
form, i.e., through theoretical operations carried out visually 
with the support of material or else materialized objects 
(44; 49). 

Forms of transition between objects (or else their rep- 
resentations) and words, which represent a qualitatively 
new objects of action produce the conditions that are need- 
ed to identify and abstract those specific aspects of real 
objects that are the objects of action and must be embodied 
into words. 

Special studies are needed of the conditions under which 
the process of abstraction occurs most quickly. In this con- 
nection comparisons of different methods for materializing 
orienting bases of action and objects of action are useful. 
The results of one such study (172) suggest that it is not 
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effective to present attributes entering into the contents of 
the orienting basis of the action being developed with the 
help of a real object, since they are then presented together 
with a large number of other properties. Conversely, the 
vbject of action should be represented by real objects for 
some period of time during the learning process (or else 
with their representations). When students deal only with 
drawings and models, i.e., with already abstracted objects, 
they may not develop a capacity for abstracting. But wheth- 
er it is always necessary to combine abstract objects with 
real ones, in what sequence should they be presented at 
second stage—all these are questions that call for additional 
research. 

As for the second (quantitative) line, its essence lies in 
the fact that it is by no means always true that all struc- 
tural elements of an action must simultaneously be trans- 
lated to the next stage: some of them are assimilated very 
rapidly at a given stage, while others may be delayed, and 
this may refer to different elements in different cases. Ex- 
periments have shown that the delay times at a particular 
stage for individual elements of action is determined by 
that element’s objective complexity and the extent to which 
it is new to the student. A gradual approach is especially 
needed in effecting transitions from the second stage to the 
third. In cases in which we moved actions from the ma- 
terial stage to the external speech stage through discrete 
jumps a greater number of errors resulted. 

In particular in the study that we have carried out togeth- 
cr with Nikolayeva (172), which was concerned with the 
relative effectiveness of the material and various material- 
ized forms of action, it was found that in all three groups 
(“objects-oriented’’, ““models-oriented’’, and ‘“‘drawings-orient- 
ed”) a sharp transition to an external verbal action pro- 
duced difficulties at the external verbal stage that resulted 
in a relatively large number of errors (Table 6). 

In the first group 72 per cent of all errors were made 
at the external speech stage; in the second group—63 per 
cent, and in the third—53 per cent. It is characteristic 
that the greatest difficulties were experienced by the first 
group, where at the second stage students were concerned 
with real objects. The transition to a speech form was more 
difficult in that group than in the two others (in which 
students were concerned with models and drawings). 
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Table 6 


Stage of Stage of 


T terial (or | voiced Stage of 
Type of student group Total mia Be 
aie number else unvoiced 
(410 persons in each) of ane miaterialized) speech aetion 
action action 
“Objects-oriented” 36 1 26 9 
“Models-oriented” 46 11 29 6 
“Drawings-oriented” 85 23 45 17 
Total | 167 | 35 | 100 | 32 } 


In those cases in which a homogeneous system of knowl- 
edge was being developed the greatest difficulties expe- 
rienced at a new stage related to initial concepts. In the 
study in which we were developing four elementary geo- 
metric concepts the following situation emerged (Table 7): 


Table 7 


Niinberot ‘errors Distribution of errors among concepts 


made at the stage 


Group of voiced speech straight perpendi-| adjacent 
action line angle {cular lines] angles 
\J 26 14 8 0 4 
Il 29 415 4 3 7 
III 45 12 12 4 47 


Total | 100 | 44 | 24 | 7 | 28 


It may be seen from the table that 41 errors out of 100 
made by all the students at the stage of voiced speech action 
related to the concept a “straight line”. Even though the 
next concepts, namely, “perpendicular lines” and “adjacent 
angles” are more complex errors at that stage were far 
fewer (7 in the first case and 28 in the second). Such a 
reduction in errors in working with subsequent concepts 
suggests that a transfer takes place of the speech form of 
the action that developed in work with the initial concept, 
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for it has been shown that only some elements of each 
action are influenced by the transformations of each 
stage. 

It may be presumed that the ease of transition from one 
stage to another depends on a number of conditions. In par- 
ticular, the manner, in which a transition from the material 
stage to the external speech stage will take place, appears 
to depend on the relative development of the persons first 
and second signal systems. 

With regard to the stage-by-stage development of men- 
tal actions two additional circumstances should be noted. 
First, depending on the type of action, the stage-by-stage 
formation of mental actions is applied either to an entire 
action or else to its orienting component alone. The latter 
is especially true of the development of various skills in 
production activities, sports and writing (e.g., 119; 128; 129; 
49; 175). 

Second, actions do not terminate their development upon 
reaching the mental stage. The stages that have been con- 
sidered are stages in the emergence of new psychic action 
as they follow a path of internalization. But the develop- 
ment of mental actions and concepts is not an end in it- 
self. (The very emergence of the psychic element in the 
process of phylogenesis was brought into existence by the 
needs of life and by a subject’s relations with the world.) 
The mental actions and concepts that are assimilated by a 
subject in the process of ontogenetic development are sub- 
sequently employed in solving a variety of problems that 
may require that he externalize corresponding actions. In 
particular, we have observed many times in the course of 
our studies that students who confront a new problem 
calling for an application of actions that have already been 
developed begin to apply them at the external speech or 
else material stage. 

In the course of mental development individual links 
in cognitive activities are still being formed and internal- 
ized while others that have developed carlier may be ex- 
ternalized. With regard to a person’s overall mental activ- 
ities it is quite possible that processes moving in opposite 
directions operate simultaneously. And in this respect we 
agree with N. A. Menchinskaya, who points to the impor- 
tance of externalization in the mental development of in- 
dividuals (103). But these two types of processes cannot 
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occur simultaneously in relation to individual elements of 
mental activities: each clement must at first be developed 
as an internal mental action. In addition, the relative in- 
tensity of these processes may vary in cases of spontaneous 
and regulated development. In particular, under existing 
teaching practices mental actions that have already been 
developed are often inadequate and formal and their ex- 
ternalization represents the creation of an initial form of 
action whose assimilation makes it possible to arrive at an 
adequate mental assimilation of the actions. The external- 
ization of mental actions that have already passed through 
a stage-by-stage internalization, on the other hand, pos- 
sesses an altogether different meaning. Unfortunately, we 
do not yet possess data that would make it possible to des- 
cribe specific features of an externalization of mental ac- 
tions of this type. 


§ 5. Stages in the Assimilation 
of Knowledge 


In the light of the theory that has been examined it is 
not possible to view the stages in the assimilation of knowl- 
edge separately from the stages in the assimilation of ac- 
tivities. For knowledge, as a set of images of objects, phe- 
nomena and actions from the material world cannot exist 
in the human mind outside the context of specific activities 
and individual actions. By emphasizing the importance of 
activities and analyzing activities in terms of actions we 
include knowledge into the structure of actions. As it ap- 
pears as an object of action within its structure, or enters 
into the content of its orienting basis, or else represents the 
action’s objective knowledge passes through the same stages 
as do actions (activities). The quality of knowledge is 
determined by the nature of the activity through which it 
is assimilated: the activity may or may not be adequate 
from the point of view of that knowledge. The extent to 
which an activity is adequate is above all determined by 
the object towards which the activity is directed and bv the 
content of that activity’s orienting basis. In cases in which 
the orienting basis includes the specific elements ‘that con- 
stitute the essence of the knowledge being assimilated all 
objects with which the student will be working in the pro- 
cess of assimilating the given knowledge will be analyzed 
and will therefore be reflected in terms of those of its as- 
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pects which are essential and specific to the given area. 
And conversely, in cases in which the orientation on ob- 
jects being studied relates to superficial properties without 
touching their essence. the reflection of these objects 
(knowledge concerning them) will also be superficial and 
non-specific. Knowledge may never be conveyed in a pre- 
established form. It is always assimilated through its in- 
clusion into a particular activity. Even in the case of a 
mechanical memorization, knowledge enters into the 
(mnemonic) activities, which are inadequate, however, in 
relation to the corresponding knowledge and do not contain 
their essential properties and relations within orienting 
basis. These activities are merely oriented on their sequences 
in time or space. 

Tt would be wrong to believe that the knowledge-assimi- 
lation activities are always defined to and mastered by stu- 
dents before such assimilation activities begin. On the con- 
trary, in assimilating forms of knowledge that are largely 
new necessary cognitive actions are not vet mastered when 
students begin to work with the corresponding material. It 
would be useless to wait. for example. until mathematical 
thinking develops among students before they are taught 
mathematics, since only the process of teaching mathemat- 
ics. leads to the development of mathematical thinking. As 
D. B. Elkonin (190) correctly observes, this is precisely 
the way in which the determining role of teaching expresses 
itself in a person’s mental development. 

Missing cognitive actions are modelled in an external ma- 
terial (or else materialized) form, in which the knowledge 
to be assimilated is also presented (through external ob- 
jects, models, drawings). These are introduced into these 
actions from the very first (as objects of actions, or ele- 
ments of their orienting bases). As actions move to a new 
stage. the farm in which knowledge is presented also changes. 
The assimilation of knowledge and the development of 
appropriate svstems of mental actions thus occur as a sin- 
gle integrated process. 

For example, in developing concepts as clements of as- 
similation we rely on the action of associating an object 
with a concept. By anplying that action to various objects 
and orienting themselves on the same svstem of essential 
attributes, students reflect all these objects from a rigorous- 
Iv snecifie point of view. i.e.. produce an image of these 
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objects corresponding to the pattern defined by a system 
of guidelines. In this way they assimilate simultaneously 
both the action of associating an object with a concept and 
knowledge concerning these objects. 

In this connection it becomes evident why the assimila- 
tion of knowledge is always relative. First, the quality of 
assimilation of knowledge is determined by the extent to 
which the related activities are appropriate. Second, it is 
influenced by the extent to which its basic properties 
are developed, third, by the type of orienting basis 
that guides relevant activities, and finally, by the extent 
to which this knowledge is related to other types of 
activities. 

It is important to consider this last proposition more 
closely. Let us assume that we are considering the devel- 
opment of scientific concepts. 

More specifically let us consider the action of associating 
an object with a concept. In carrying out this action con- 
sistently at all stages, students learn to identify objects 
that belong to a given class instantaneously. By analyzing 
the objects in question in terms of their essential properties 
in a stage-by-stage manner they gradually develop a gen- 
eralized abstract image of objects of the given class, namely, 
a conception of these objects. But as they successfully per- 
form actions of recognition on such a basis they may not 
be able to perform other actions such as comparisons, the 
inference of consequences from an object’s belonging to a 
given class, etc., since these are other actions which stu- 
dents have not been taught. At the same time they, too, 
may serve both as a means for developing concepts and as 
a learning objective. It is natural that the quality of assim- 
ilation of concepts employed in different types of activities 
must then be recognized as being higher than in the first 
case, in which the concept is bounded by a single action. 

These observations clarify the nature of the developing 
effect of instruction. When the system of actions employed 
in assimilating knowledge is limited an accumulation of 
knowledge will take place that will not be accompanied by 
an acquisition of new cognition capacities. Thus, in our 
example the entire system of scientific concepts correspond- 
ing to a particular discipline may be developed with the 
help of the action of associating objects with concepts. Fach 
time the student will be guided by the object’s essential 
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properties and will correctly recognize them. But this will 
be all. It is also possible to proceed in a different manner. 
namely, to develop the entire system of possible cognitive 
actions on the basis of two or three concepts. In such a 
case students will not acquire much knowledge, but their 
cognitive capacities will be substantially greater. 

In programming the assimilation of knowledge it is thus 
important not only to employ the cognitive activities that 
students have already mastered. but also to gradually de- 
velop new ones. Jt is only then that instruction will become 
an effective source of development. 


§ 6. The Theory of the Stage-by-Stage 
Development of Mental Actions” 

in the Light of the Principles 

of Soviet Psychology 

and of the Requirements of Cybernetics 


The theory of the stage-by-stage development of mental 
actions has emerged and developed not as a_ theorv 
of instruction but as a theory of the ontogenetic formation 
of psychic activities. Yet since man’s ontogenesis is large- 
ly a process of assimilation of mankind’s accumulated ex- 
perience that always requires some measure of assistance 
from other persons, i.e., a process of teaching and training. 
the given theory is that of assimilation. of learning and of 
teaching too. 

The theory analyzes the process of learning in terms of 
units of action. This fully accords with the key principle 
of Marxist psychology concerning the need for an activities- 
oriented approach to the psyche. 

In this theory it is concrete types of cognitive activities 
that are the objects of control. It views the development of 
activities as a process of transformation of social experience. 
But the corresponding transfer is effected not only through 
a communication of the student with carriers of social expe- 
rience but through an externalization of the corresponding 
activity, its modelling in an external material (material- 
ized) form, and its gradual transformation into an internal 
psychic activity. 

The development of programmed activities initially in 
materialized form with control over individual operations in 
the course of their execution permits for all students to as- 
similate them in the given form. Subsequently only the form 
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of activities is changed. Tt therefore retains its specified 
contents as it reaches the mental stage. This makes it pos- 
sihle to specify normative requirements relating to student 
cognitive activities. 

By identifying actions as the central link in the control 
of the process of developing cognitive activities the theorv 
under consideration points to the structure of actions and 
to their functional components. Above all it points to those 
structural elements and those functional components that 
play a decisive role. The results of studies indicate that regu- 
lation should be primarily directed at orienting components. 

This theory also describes a system of independent char- 
acteristics of cognitive activity which is needed both for 
programming the specifications of particular types of cog- 
nitive activity and for regulating the process through 
which they develop. It is these characteristics that define 
the content of feedback. Finally, this theory possesses a 
knowledge of major transition states in the process of as- 
similation of new types of cognitive activities. It is true 
that qualitative transitions are not vet known for all in- 
dependent characteristics, but it is already possible to pro- 
gramme activities in terms of their form, scope of gene- 
ralization, and rate of execution. 

The theory under consideration thus meets the principal 
requirements that were identified as being necessary for an 
effective control of the learning process. 


§ 7. Basic Principles and Stages 
in Programming the Assimilation 
Process 


1. No matter what a person may be learning it is always 
activitv or else its component actions that are subject to 
control. Activities (actions) are thus the concrete control 
objects. 

2. The objective of control may be: a) to develop a new 
type of activity possessing specificd qualities: b) to im- 
prove the quality of existing activities in terms of one or 
more of their characteristics; c) to develop individual ele- 
ments of particular activities to meet specified indicators. 
Thus. any instructional process must begin with the selec- 
tion of an activitv (concrete object of control) and an in- 
dication of the objective of control (of teaching). The se- 
lection of a specific tyne of activity is determined by the 
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specific properties of the problems for whose solution the 
teaching process is organized.! The principle that instruc- 
tion must be related to practice requires that the knowledge 
developed by students and the types of cognitive activities 
that they mastered contribute to the solution of problems 
that arise in practice. 

3. The selection of a type of the orienting basis for 
programmed activities (actions). This may be the second, 
third, or fourth type: other types are not able to provide 
an effective regulation of the assimilation of activities. 

4. The presentation of the activity being developed (or 
else new elements of such an activity) in a material or else 
materialized form. Preceding modelling of actions (activi- 
ties) presupposes that: a) the object to which the action 
will be directed is specified (through a selection of prob- 
lems): b) that the objectives of the action (the outcome 
of actions) be clearly understood; c) that the content of 
the orienting basis of action be indicated; d) that the en- 
tire set of operations entering into the action and the se- 
quence in which they are to be executed be indicated. This 
may be called a set of instructions for carrying out the 
action. 2 

5. The selection of problems on the programmed activity 
in the light of the instructional objectives (form, degree of 
generalization, rapidity, etc.) and of stages of assimilation. 
In particular, in order to generalize the specific (object- 
oriented) part of the activity problems are selected that 
reflect the basic typical cases, while in order to generalize 
the logical part, typical logical situations are selected. In 
order to arrive at the specified form of activity, problems 
that have been selected are presented both in the given 
form and in all genetically preceding forms. In order to 
bring about an automation and reduction in activities so 
as to make them more rapid, a sufficient number of uniform 
problems are selected (variants of typical problems). Each 


' These tasks are usually not specified in current teaching 
practice. Instead the teacher usually accepts such objectives as: 
to provide reliable knowledge, to teach creative applications of 
knowledge. etc. This largely explains why sludents merely memorize 
much of the corresponding knowledge without applying it to the 
solution of problems. 

2 Such instructions are often called algorithms of the given ac- 
tion, even though this does not always conform to the meaning of 
that term. A detailed analysis of various types of instructions, in- 
cluding algorithms, is presented in L. N. Landa’s work (81). 
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assignment should be concerned with developing specific 
action or else with its joint application with other earlier 
developed actions. The scope and complexity of problems 
may thus vary at different stages of the teaching process. 

6. The selection of check tests intended to establish the 
extent to which the developed activity corresponds to the 
one that was assigned in terms of a) content; b) form: 
c) scope of generalization: d) extent of assimilation; e) ex- 
tent of awareness: f) rationality; g) resilience. Depending 
on the instructional objective either all properties or only 
some of them are controlled. 

The level (form) of action is established with the help 
of a presentation of problems concerned with the applica- 
tion of the given action (activity) for different forms (ma- 
terial or verbal) of specification of its structural elements 
(object, orienting basis of action.-operations, etc.). The pro- 
cess of arriving at a solution then proceeds either in a ma- 
terial (materialized) form, or else in an external speech 
form, or in the form of unvoiced internal speech. An ability 
to solve a problem calling for applying the form of action 
being controlled indicates that the given level of action 
has in fact been developed. 

The extent of generalization of actions is established 
through assignments involving their “transfer” to other sit- 
uations. A capacity to effect such transfers is verified both 
in relation to the action as a whole and in relation to its 
individual components. Thus, for example, the action of 
overall recognition reveals generalization only within the 
boundaries of the particular concept that was developed 
through work with its attributes. Its general logical com- 
ponent possesses an altogether different level of general- 
ization and may be transferred to any other concepts pos- 
sessing the same logical structure of attributes. This is es- 
tablished in the following way: a new concept’s svstem of 
necessary and sufficient attributes is given to students in 
a materialized form, and they are taught to identify the 
presence of individual attributes of that concept in con- 
crete objects. Subsequently, they are given problems in 
associating objects with the new concept. Since they are 
not given either Jogical rules of recognition or instructions 
for solving problems of the given class a correct solution 
of all basic types of new problems is possible only if the 
logical part of the action that was developed in relation to 
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earlier concepts is transferred to the new situations. This 
in turn reflects the measure of generalization of that par- 
ticular action component. 

Indicators of the extent to which an action is assimilat- 
ed include: a) the rapidity of execution; b) the ability of 
combining the given action with the execution of another 
that is not automated: this makes it possible to judge the 
extent to which the first is in fact automated. 

The theory under consideration does not possess reliable 
diagnostic means for establishing the extent to which ac- 
tions are reduced. Up to a certain point this may be in- 
dicated by the rapidity with which it is executed, but that 
indicator reflects not only reduction but other changes in 
the action as well, and especially the extent to which it 
is automated. 

In order to ascertain the rationality of actions problems 
are given whose conditions are not fully specified and for 
which the answer is accordingly uncertain. Problems of 
this type may be solved only through an orientation on the 
entire system of essential conditions, i.e., through a rea- 
sonable execution of actions. 

An indicator of the extent to which the actions’ assimi- 
lation is a conscious act is provided by the ability of stu- 
dents to justify actions. 

The resilience of actions and of their qualities is estab- 
lished through repeated diagnoses after a specified period of 
time (without additional teaching) either in relation to all 
specified indicators or to only some of them. 

7. Ascertaining the required initial level of student 
cognitive activity. From the point of view of the theory 
under consideration the initial level of student cognitive 
activity is evaluated in several dimensions corresponding 
to the structure and functional components of the programmed 
activity. First, in terms of a knowledge (mathemat- 
ical, grammatical, physical, etc.) that logically precedes 
the new knowledge entering into the instructional goal or 
else the content of the orienting basis of proposed activities. 

For example, if the instructional objective envisages the 
development of a particular system of concepts, it is nec- 
essary to verify whether students have already assimilated 
other concepts that constitute a system of prerequisite types 
of knowledge. Let us assume that it is proposed to de- 
velop the concept of a perpendicular line. This is possible 
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only if students have already assimilated the concept of a 
straight line, the concept of an angle and have some con- 
ception concerning types of angles (acute, right, obtuse). 
Each of these types of knowledge enters into the content 
of the orienting basis of action relating to the development 
of the concept “perpendicular line”. 

Second, it is necessary to verify the extent to which the 
action that is proposed to employ is in fact developed. If 
it is a new action and has not been developed it is neces- 
sary to verify the extent to which those cognitive actions 
that logically precede it are developed. Thus, for example, 
if in order to develop new concepts it is proposed to em- 
ploy the action of associating an object with a concept, 
students must be already able to identify properties in 
objects and differentiate the essential ones from nones- 
sential ones, and the necessary ones from the sufficient 
ones. 

In cases when students have not yet mastered the nec- 
essary knowledge and actions they have to develop them 
either preliminarily or else, in individual cases, jointly with 
the development of new knowledge and actions. 

In order that new knowledge and actions may develop 
successfully it is important to also verify the extent to which 
systems of less specialized skills and knowledge are de- 
veloped. If, for example, the student had not developed the 
required level of attentiveness (a control activity) he will 
not be able to reach successfully even the stage of con- 
structing a representation of the orienting basis of action 
(the first stage), since he will not be able to follow the 
explanation that is being given at that stage and under- 
stand it, and therefore will not be able to develop an ade- 
quate conception of the new action. The given stage of de- 
velopment of action will not reach its objective, and with- 
out this a transition to the next stage will not be effective. 
Similarly, if students are not able to initiate work on the 
basis of written instructions while the teaching programme 
calls for this, then this, too, must be taught either on the 
basis of the given materials or of others. 

8. A teaching programme is designed on the basis of a 
model of the corresponding activity and a selected system 
of problems. Such a programme includes: a) a programme 
for developing prerequisite cognitive actions and knowledge 
(a preliminary teaching programme) and b) a programme 
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for developing new activities that follow from the teaching 
objective (the principal teaching programme). 

The principal teaching programme is designed with due 
consideration of the stages of assimilation: the newly pro- 
grammed activity miust pass through all geoctically carlicr 
stages than specilied by the teaching objective. Laken in 
its entirety the teaching programme constitutes a system of 
problems that presume the execution of the programmed 
activity and the development of envisaged properties of 
such activities. The problems themselves are viewed jointly 
with activities: the conditions specilied in the problem ap- 
pear as objects towards which activity is directed, while 
those that are sought appear as the objectives that should 
be reached as a result of executing these actions. lustruc- 
tions relating to the execution of activities appear as indi- 
cations of the manner in which the object should be trans- 
formed and the objective achieved. The defined properties 
of the activities are achieved both through the selection 
of problems and through the corresponding structure of ac- 
tivities. Thus, for example, the state of generalization of 
activities and of knowledge that they incorporate is achieved 
by fulfilling the following conditions: 1) an identifica- 
tion of the attributes in relation to which generalization 
should take place; 2) the inclusion of these attributes into 
the orienting basis of action; 3) the presentation in the 
system of problems of typical situations occurring within 
the given boundaries of generalizations; 4) the presentation 
of various types of problems from the point of view ol 
comprehensiveness of the conditions needed for a solution. 

¥. Providing for a systematic feedback. In accordance 
with the objective of control feedback must carry the fol- 
lowing information: a) whether the student executes the 
particular action that has been programmed; b) whether 
he executes it correctly; c) whether the form of action cor- 
responds to the given stage of assimilation; d) whether the 
action is developed with the desired level of generalization 
aud assimilation (degree of automation, rapidily of exe- 
cution, etc.). 

Control activities must relate both to individual opera- 
tions and to the action as a whole. Control over individual 
operations makes it possible to obtain information about the 
extent to which the execution of actions is adequate, cor- 
rect, rapid, and about their forms. Information of this type 
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cannot be obtained in cases in which control activities re- 
late ouly lo the correctness of the final outcome of the ac- 
tion, since both the content of the action and its form are 
not associated with the correctuess of the execution of the 
problem through mutually unique relations. As a result 
errors in the final outcome do not point directly to an ap- 
propriate correcting action: errors may be attributable tu 
a variety of causes (whether the action that had been exe- 
cuted possesses the right content, whether all operations 
were included, whether it took place in the proper form, 
etc.) 

Systematic control activities in terms of operations, how- 
ever, should be carried oul only at the beginning of the 
material (materialized) stage and at the beginning of the 
external speech stage. At other stages of the assimilation 
process the feedback relation that carries information to the 
student (internal feedback) must operate in such a way as 
to reflect the objective degree of success in carrying out 
the programmed activily and the need of students for ex- 
ternal forms of control. ' 

Control over the content of an action and over its form 
may be elfected as assignuincnts are carried out. Special 
diagnostic problems such as those mentioned earlier must 
be employed in order to establish the extent to which ac- 
tivities have been generalized and automated. Ags a result 
the corresponding control activities are not carried out sys- 
tematically: they usually take place at the time of tran- 
sitions from one stage to another, sometimes within a given 
stage, and of course, are mandatory at the conclusive stage 
of the learning process. 

In the light of what has been stated it is clear that in 
the absence of feedback relations a teaching step, viewed as 
a segment of activity, does not possess a specific dimension. 
Initially the “step” corresponds to a single operation within 
the action, but later its size increases. : 

{n shifting to the next stage progress is again measured 
in terms of operations. At the mental stage actions are 
“1 From the methodological and technical points of view feedback 
relations may be eliected in various ways. Wide use may be made 
of various aulomatic devices. In addition, a considerable number of 
coutrol procedures have been developed that do not require machines 
(see, for example, the article of Z. A. Keshetova and J. P. Kaloshina 
te va the study by N. F. Talyzina (168, Chapter IL]) and 
otners). 
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carried out discretely without visible division into indi- 
vidual operations. 

10. Hegulating the assimilation process. The direction of 
the corrections that are entered is determined by the nature 
Of the taformaton, recesved with the help of feedback and 
hy the internal logic of the assimilation process. 

From the point of view of the conception that we have 
adopted the nature of assimilation is expressed in the logic 
of the transformation operations carried out by students: 
actions that are initially external, material, extensive, and 
non-automated become internal, mental, reduced, and auto- 
mated. Mach characteristic of an action possesses its own 
transformational logic, and each of them passes through a 
number of phases. 

The correction of the assimilation process must be car- 
ried out with due consideration not only of the extent of 
deviation but also of the causes that have brought it about. 
These include: a) deficiencies in the initial level of the 
student's cognitive activities; b) an insufficient mastering 
of actions in terms of one or several parameters at a pre- 
ceding stage of assimilation; ©) accidental factors (distrac- 
tions, errors in reading a text, otc.). 

In the first case a further development of carlier knowl- 
edge and actions is required; in the second a return of the 
action is needed to the preceding stage in terms of one or 
more characteristics; while the third calls for a repeated 
execution of the action at the given stage. 

Experimental studies show that in those cases in which 
students have developed the necessary initial level of cog- 
nitive activity and have carried out all major specifications 
following from the theory of a stage-by-stage assimilation 
of mental actions deviations from a course specified in the 
teaching programme occur for accidental reasons, and pri- 
marily as a result of distractions. 

As has already been noted the regulation (correction) of 
the assimilation process may also take place in those cases 
in which there are no deviations of the process from the 
specified course. This is because the number of problems 
that is needed to assimilate a programmed action posses- 
sing a specified system of characteristics is determined in 
an empirical manner, that is, in the course of preliminary 
tests of the teaching programme. This may result in cases 
in which the number of problems included in the teaching 


10-0921 145 


programme is too large for some of the students. Such stu- 
dents should be transferred to the next stage earlier than 
had been anticipated. The possibility of an earlier trans- 
fer is determined, first, on the basis of the quality of the 
tasks that have been performed, and second, by proposing 
to the student to execute the problem in a form correspond- 
ing to the next stage. Should the student succeed in doing 
this without difficulties he will be transferred to the next 
stage. , 

Newly designed teaching programmes usually pass through 
the following stages of approbation: a) for individual stu- 
dents; b) for small groups; c) in conventional teaching con- 
ditions. 

When a teaching programme is designed to help assimi- 
late an entire discipline rather than develop an individual 
type of cognitive activity, as in the described case, a num- 
ber of additional problems arise, and some of the principles 
mentioned earlier require a partial revision. Above all, the 
entire system of problems that are encompassed by the 
given discipline is analyzed. Possibilities are studied for 
combining them into a system (or systems) and for iden- 
tifying invariants within that system (or subsystem). If 
this is achieved then a fundamental reconstruction of the 
discipline is carried out in which it is restructured in accord- 
ance with the third type of orientation and in terms of 
modelling general methods that correspond to the system’s 
invariant (or else the subsystems’ invariants). In developing 
individual types of activities the bringing of their proper- 
ties to given specifications is effected gradually. Let us as- 
sume that at the end of the teaching process the action 
must be brought to the mental level, but the analysis of 
the overall system of actions indicates that the given action 
appears as a component element in another action. In such 
a case the assimilation of the first action may only be 
carried to the material form. It is in that form that it may 
then be included into the new action, whose execution will 
bring about its transformation into a mental form. 


+ & © 
Analytical studies show that the conception that we have 
been considering opens possibilities for programming ra- 


tional types of cognitive activities, and above all of proce- 
dures for logical and specific thinking. 
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But an implementation of such an approach to a pro- 
gramming of the assimilation process presupposes a prelim- 
inary identification for each discipline under study of a 
system of specific and logical thinking procedures as well 
as an indication of rational types of overall cognitive ac- 
tivities. It is only then that it is possible to construct a 
teaching programme that is directed at developing specified 
types of cognitive activity, and through them, those types 
of knowledge that constitute the content of a given disci- 
pline. 

A large number of experimental studies have been car- 
ried out on the basis of that theory. They were applied to 
different subjects (mathematics, language, history, physics, 
chemistry, technical disciplines) and to various levels of 
education (preschool-age children, students in various 
grades, post-secondary-school students). In all cases in which 
the specified requirements pertaining to the design of teach- 
ing programmes were carried out the envisaged types of 
cognitive activities were developed among all students and 
with those characteristics that had been planned. 

We have carried out a series of studies relating to the 
development of mental actions relating to the assimilation 
of concepts as well as to developing a number of thinking 
procedures. Let us now consider these studies in order to 
illustrate the specific ways in which that theory was ap- 
plied and to examine the results that were obtained. 


Chapter Three 


THE DEVELOPMENT 

OF INDIVIDUAL MENTAL 
ACTIONS AND OF SCIENTIFIC 
CONCEPTS 


§ 1. Development and Study 
of Elementary Scientific Concepts 


It was L. S. Vygotsky who first introduced the distinction 
between scientific and nonscientific ‘‘worldly” concepts 
in the field of psychology drawing the line between them 
rather by the specific features of their assimilation than by 
the content of the assimilated concepts. 

A child’s assimilation of systems of concepts that have 
developed in a society always takes place with the help of 
adults. Before children are taught systematically in school 
adults are not engaged in specialized activities on develop- 
ing concepts in children. They usually limit themselves to 
indicating that the child was either correct or wrong in as- 
sociating an object with a corresponding concept. As a re- 
sult a child assimilates concepts through the method of 
“trial and error’. This sometimes produces an actual orient- 
ation in terms of nonessential attributes, but because the 
latter are combined with essential ones within the corres- 
ponding object the orientation remains correct to a certain 
extent. In other cases the orientation is based on uncon- 
scious identification of essential attributes. It is precisely 
in this unconscious identification that Vygotsky saw the 
specific features of so-called worldly concepts. This type 
of assimilation of concepts does not reflect all aspects of 
the specifically human method of acquiring new knowledge. 

The situation is altogether different when a child enters 
school. The process of learning presupposes a transition 
from a spontaneous course of activities to activities that are 
goal-oriented and organized. Concepts that are developed 
in children at school are characterized in Vygotsky’s opinion 
by the fact that their assimilation begins with an awareness 
of a concept’s essential attributes, which is achieved with 
the help of definitions. 
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It is precisely in the awareness of essential attributes that 
Vygotsky saw the specific way of developing scientific con- 
cepts. He referred to the development of concepts that be- 
gan with an identification of essential attributes as an ap- 
proach ‘from above’, i.e., from definitions to real objects, 
unlike approaches “from below”, from objects to definitions, 
which characterizes the development of ‘‘worldly” concepts. 

Vygotsky saw the advantages in the development of 
scientific concepts “from above” in that such an approach 
makes it possible for the child to subsequently operate 
with concepts autonomously and consciously. In support of 
such a view he referred to the experimental studies of 
J. I. Schiff, in which a child was asked either to provide 
a definition of a concept (for example, he was asked “What 
is a revolution?”’), or else was asked to complete a sen 
tence ending in “because” or else “even though’ (“In the 
USSR it is possible to manage the economy in accordance 
with a plan because...) (25, Chapter Six). Yet such prob- 
lems may be solved with the help of a recitation of a 
memorized text, or else of the teacher’s words. They do not 
require an autonomous identification of essential attributes 
of concepts. Accordingly, data from such studies do not 
prove that essential attributes of concepts assimilated in 
school may be employed by children consciously and auto- 
nomously in their orientation within the surrounding world. 

Studies subsequently carried out by Menchinskaya and 
her associates (100) have shown that in identifying con- 
crete objects calling for the application of concepts assimi- 
lated in school most students rely on nonessential attri- 
butes. Thus in geometry, for example, they orient them- 
selves on the position of a figure, and in grammar on the 
contents of words. Essential attributes of concepts are per- 
ceived and reproduced only in replying to questions that 
require definitions of concepts. This indicates that in such 
cases knowledge possesses a verbal, formal character. 

While students repeat definitions of concepts without er- 
ror, i.e., display knowledge of their essential attributes, they 
identify real objects by random attributes, on the basis of 
direct experience. It is only gradually, through a number 
of transition stages and as a result of their own experience 
with corresponding objects that students learn to orient 
themselves on essential attributes of objects. Thus, a verb- 
al knowledge of a concept’s definition does not change the 
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essence of the process through which that concept is as- 
similated. This confirms the impossibility of conveying con- 
cepts in a prespecified form. Children may acquire them 
only through their own activities directed not at the words 
but at the objects that correspond to the concepts that we 
wish to develop. Vygotsky emphasizes the point that it is 
necessary for a child to engage in a specific object-oriented 
activity in order to assimilate concepts. Moreover, he shows 
that a given result obtained through different mental ac- 
tivities is associated with different stages in concept for- 
mation (25). 

In Vygotsky’s analysis of the course of concept devel- 
opment, however, cognitive activities appear neither as an 
object calling for special development nor as an object of 
study. As a result he views the development of so-called 
worldly concepts and that of scientific concepts as two fun- 
damentally different ways. From the point of view of a 
child’s activities both are not controllable or else poorly 
controlled, and both are unknown to the learner. In order 
to alter such a development of cognitive activity or to over- 
come its spontaneous character it is not sufficient to sim- 
ply state a concept’s essential characteristics. For a knowl- 
edge of a concept’s essential characteristics may alter the 
nature of these activities and their course only when these 
attributes operate as guidelines for the activities, i.e., par- 
ticipate effectively in the process of solving the problems 
that are given to the child. 

Since the usual forms of organizing teaching and learn- 
ing processes do not provide for this, for many students the 
assimilation of “worldly” concepts and of scientific concepts 
from the viewpoint of their cognition proceeds in a largely 
similar manner. Above all, under prevailing teaching prac- 
tice many students assimilate concepts at the same level 
as they assimilate “worldly” concepts: in effect they rely 
on essential attributes, but frequently they are not aware 
of doing this and are unable to rely on them in a goal- 
oriented manner in solving problems. In particular, studies 
that we have carried out jointly with K. A. Stepanova (174) 
show that in solving problems relating to the association of 
elementary geometric concepts with objects average sixth- 
grade students answered 72.5 per cent of the questions cor- 
rectly, but gave a correct explanation of their selection in 
only 27.5 per cent of the cases. In the study carried out by 
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V. I. Zykova (66) it is noted that such a level of assim- 
ilation of concepts is found up to the eighth-ninth grades. 
Thus, a knowledge of essential attributes does not produce 
an ability to employ them consciously in orienting one’s 
self in the corresponding situations. It is therefore not pos- 
sible to agree with Vygotsky that a simple memorization 
of essential attributes provides a fundamentally new ap- 
proach to the assimilation of scientific concepts. 

The considerable emphasis that is found in teaching prac- 
tice on the memorization of definitions and rules is ex- 
plained by an incorrect understanding of the process of 
assimilation: it is often believed that a concept existing in 
an already established form may be transplanted into the 
minds of students. 

Vygotsky opposed such a view of the assimilation of con- 
cepts but in carrying out and analyzing concrete studies he 
found himself a captive of that intellectualistic theory. This 
is precisely why he thought ‘‘verbalism” appropriate for 
assimilating scientific concepts and viewed them as inappro- 
priate for the practical orientation of students. By omitting 
the subject’s actions in his analysis of the process of assim- 
ilation Vygotsky failed to identify individual systems of 
concepts as products of man’s concrete activities directed 
at those objects and phenomena whose essential aspects are 
reflected in the corresponding concepts. 

When the activity that is needed to assimilate concepts 
is not identified and organized before the beginning of sys- 
tematic teaching the task of teaching is precisely to iden- 
tify it and to organize it in a comprehensive manner. Since 
Vygotsky did not view a_ subject’s activity in relations 
to the objects as a decisive link in the process of assimilat- 
ing concepts he did not see that the cognitive activities of 
schoolchildren are largely unorganized, spontaneous. As a 
result. instruction in schools does not generally provide 
a fundamentally new way of assimilation and hence a fun- 
damentally new way of development, since, as L. S. Vy- 
gotsky correctly observed, it is instruction that determines 
a person’s course of development. 

If we turn to other studies concerned with the develop- 
ment and evolution of concepts we will see that most psy- 
chological studies have two significant shortcomings: a) the 
activities leading to the development of concepts are not 
studied and, in fact, are not considered; b) the assimilation 
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of concepts is studied in the context of conditions under 
which the development of that activity is not organized. 

As a result, the principles that are identified are of lim- 
ited relevance and reflect characteristics of concept devel- 
opment in conditions in which cognitive activities largely 
proceed in an unorganized way. They should not be inter- 
preted as reflecting the specifically human way of transfer- 
ring and assimilation of social experience. 

On the basis of numerous studies of this type (100; 101; 
125; 114: 13) the development of concepts is presented as 
a gradual movement from an orientation on isolated exter- 
nal and random object attributes to an orientation on a sys- 
tem of essential attributes characterizing their essence. Such 
a description of the process of assimilation of concepts can- 
not be accepted as satisfactory. First, we do not obtain a 
positive characterization of the course of the process but 
only learn about deviations from such a course. Second, 
descriptions of deviations relate only to the content of con- 
cepts analyzed from the point of view of the extent to 
which they are essential and comprehensive and also of 
relationships between the content of the concepts and their 
scope. These are aspects of the process of assimilation of 
concepts that are logical rather than psychological. 

These studies view the specific features of developed con- 
cepts as a direct outcome of the influence of particular ob- 
jects on the subject. This suggests that the only way in 
which the process of assimilation of concepts may be in- 
fluenced is to control the selection and organization of the 
materials that are presented to students. 

In theory such an approach to investigation of concept 
formation confirms the view that concepts are developed 
through the influence of the external world on a passively 
perceiving subject. Yet those studies have also shown that 
not all students, and not always, assimilate concepts through 
a series of errors. This alone provides grounds for conclud- 
ing that the view on the process of assimilation of concepts 
as merely a movement from one set of errors to another 
does not reflect its psychological nature and may not be 
accepted as adequate even in cases in which cognitive ac- 
tivities proceed in an unorganized manncr. 

Nor is it possible to agree with the method that is nsual- 
ly applicd to define the stages through which concepts are 
assimilated: according to this view the capacities of stu- 
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dents of different age groups and different abilities are es- 
tablished with the help of logical methods (the “cross sec- 
tion” method) and types of deviations from these capaci- 
ties are then monitored and ranked in terms of the de- 
creasing seriousness of the corresponding errors. It is that 
sequence of errors that then defines the series of stages 
that are presumed to follow each other in the process of 
assimilation. ! 

In our view it is impossible to identify genuine stages 
in the concept formation without identifying the system of 
essential psychological characteristics of the process of as- 
similation which makes it possible to describe its different 
states, and without applying the genetic method, which 
makes it possible to follow that process from beginning to 
end in relation to the participants. 

Basing ourselves on an understanding of the psyche as 
an activity we inevitably come to the conclusion that any 
image, whether it is a perception, an image or a concept, 
must be associated with a specific system of actions. Accord- 
ingly, the concept formation is not only a process in which 
a particular image is formed as a picture of the world, but 
also a specific operational system possessing its own in- 
ternal structure. It is actions and operations that consti- 
tute the specifically psychological mechanism of concepts. 
Actions operate as a means of the development of concepts 
and as a mode of their existence: outside of actions, con- 
cepts can neither be assimilated nor subsequently applied 
to the solution of problems. As a result, the specific char- 
acteristics that attach to the development of concepts can- 
not be understood without considering the activities whose 
outcome they represent. 

The specific features of actions directed at objects and 
phenomena of the external world determine directly the con- 
tent and quality of the concept being developed. Of course, 
a concept is always an image of some objects and phenom- 
ena from the objective world. But these objects and phe- 
nomena possess an infinite multitude of different properties 
and different aspects, and which of them will enter into the 
content of an image is determined not by the object itself 
but by the nature of the interaction between the subject 


' A critical analysis of the “cross section” method has been 
described in an article by P. Ya. Galperin (41). 
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and that object. A decisive role is played by those aspects 
of an object towards which a person’s actions are directed, 
and also by the reference pattern in accordance with which 
an image is copied from that object, as it were. 

It is above all in the following respect that our own ap- 
proach to the study of the process of concept development 
differs from the one described above: we analyze that pro- 
cess from the point of view of activities and actions asso- 
ciated with the development and operation of concepts. In 
addition, we trace the formation of actions associated with 
concepts in the context of comprehensive forms of control 
over the course of their development, rather than outside 
the context of organized conditions. 


§ 2. Actions Underlying Concepts 


“...An action is a process, while an image is something 
that is instantaneous and static; in an image the object 
countervails the action; the former confronts the action. 
But on the other hand, images reflect the objects in rela- 
tion to which actions are carried out, and that reflection 
is formed on the basis of actions in relation to objects” 
(36, p. 463). 

Since each image is associated with a specific system of 
actions, our first task is to identify these actions. In order 
to identify them it is necessary to analyze the problems 
whose solution requires that concepts be developed. Of 
course, each scientific discipline possesses its own specific 
characteristics in this regard. Nevertheless, in a general 
sense the objective of developing most scientific concepts 
is to teach persons to orient themselves with the help of 
these concepts in corresponding areas of activities: to re- 
cognize phenomena, compare them and discern properties 
that are characteristic for objects of the given class. 

In working primarily with elementary geometric concepts 
we have established that their assimilation presupposes the 
development of at least three actions that are not specific 
to these concepts, but are required for work with any con- 
cepts. Among the first to be identified was the action of 
associating an object with a concept. This includes two 
parts: a) a general logical part and b) a specific part. The 
gencral logical part includes, above all, the general structure 
of identification determined by the structure of attributes 


154 


of the concept (conjunctive, disjunctive, mixed), while 
the specific part refers to operations in identifying within 
objects those attributes that are necessary and sufficient 
for associating (or else not associating) them with the giv- 
en concept. Later in a study carried out by M. B. Volo- 
vich two additional actions of this type were identified: the 
action of selecting a system of necessary and sufficient at- 
tributes to identify the object; and the action of inference 
(18; 19). 

The action of inference is the inverse of associating an 
object with a concept. In associating an object with a con- 
cept the problem is to establish whether the given object 
is associated with a specified concept. We achieve this by 
establishing the presence in the object of a specific system 
of properties (attributes), and on that basis we conclude 
whether or not the given object does belong to the given 
concept. Conversely, in inferring, it is known from the first 
that the object belongs to the given concept, and that the 
problem is to indicate those properties of the object that it 
must possess, i.e., properties that are a result of the object’s 
belonging to a given class of objects (to a given concept). 
That action is itself as general as is the action of associat- 
ing an object with a concept. A concept may not be viewed 
as fully developed if the person possessing it is unable 
to carry out actions of inference that presuppose an assim- 
ilation of the entire system of essential properties of the 
objects of a given class and not only of those that are suf- 
ficient for identifying these objects. These two actions 
make it possible to convey to students the difference be- 
tween necessary properties with which the action of infer- 
ence is associated and necessary and sufficient properties 
on which the action of associating an object with a concept 
is based. 

The action of selecting, on the other hand, is less gener- 
al than the first two actions. In a number of cases that 
action precedes the action of associating an object with a 
concept. This is because it is possible to recognize an ob- 
ject as belonging to a given class without relying each time 
on the same set of properties. In many cases several such 
equivalent systems may be identified. (An example from 
geometry concerns the attributes of the equality of two 
triangles. Each of them is sufficient for establishing the 
equality of two triangles.) That action makes it possible 
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to understand relations among different properties of a con- 
cept and their mutual substitutability in particular circum- 
stances. 

Each of these actions presupposes an assimilation of spe- 
cific components entering into that action as operations and 
directed at essential properties of the object; these proper- 
ties are specific in each scientific discipline and are estab- 
lished with the help of methods and procedures that are 
specific to the given discipline. These are the actions that 
must be made the objects of a special assimilation. At the 
same time they will appear as means for developing con- 
cepts representing a_ specific outcome in the form of 
generalized knowledge. 

Naturally, these actions do not represent the entire sys- 
tem of actions associated with scientific concepts. General 
logical actions also include the actions of comparing, clas- 
sifying, and actions associated with the establishment of 
hierarchical relations within a system of concepts (genus- 
species), etc. The order in which logical actions are to be 
performed is determined both by their contents and by re- 
lations among them. 


§ 3. Control of Actions 
and Concepts Assimilation Process 


A person may acquire a new concept only through a con- 
tact with those objects to which the concept refers. In order 
to control that process it is necessary, from the very first, 
to organize actions that are directed at those aspects of the 
objects that interest us. In such a context students should 
be given guidelines (standards) in accordance with which 
they will ‘‘copy” images from objects. Of the actions asso- 
ciated with the development of concepts that we have noted 
the association of objects with concepts meets these re- 
quirements best. , 

Thus, the first condition for control of the process of as- 
similating concepts (knowledge) is the existence of an 
action that is appropriate to the specified objective. An ac- 
tion is appropriate only when it is directed at properties 
that represent the immediate object of assimilation. 

The second condition for such control is a knowledge of 
the structural and functional composition of the action that 
has been identified. The actions that we are considering 
include identifying the presence (or absence) of each at- 
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tribute from a system of necessary and sufficient attributes 
and evaluating the corresponding results. Such an evalua- 
tion (for concepts possessing a conjunctive structure of 
attributes) is carried out in accordance with the following 
logical rule: if all necessary and sufficient attributes are 
present, then the object matches the corresponding concept, 
while if even a single attribute is missing, it does not be- 
long to the concept; if nothing is stated concerning even a 
single attribute, then even if all remaining attributes are 
present a conclusive answer cannot be given. 

It is on that basis that an instruction—an “algorithm” — 
for recognition is designed: 1) name the first attribute; 
2) establish whether the object possesses the first attrib- 
ute‘; 3) record the outcome; 4) verify the correctness of 
the answer. If the answer is correct the student is then 
asked to repeat the same operation in relation to all the 
attributes listed as necessary and sufficient. If the student 
has made an error he is asked to verify whether the object 
does possess the attribute in question. If that does not help 
the cause of the error is identified, and a corresponding 
restructuring of the process takes place through the com- 
pleting of prerequisite actions and a return to the preceding 
stage. Following the verification of the entire system of at- 
tributes the student is asked to compare the findings with 
the rule, and then to write down the answer. Particular 
emphasis is given to the orienting basis of action which 
must be comprehensive as well as adequate. 

That condition was not met in our earlier studies (164; 
50): the logical rule of recognition was not introduced into 
the orienting basis of the action relating to associating an 
object with a concept. Instead only a system of necessary 
and sufficient concept attributes was introduced. As a re- 
sult, students were not safeguarded from errors, which oc- 
curred most frequently in carrying out the action under 
difficult situations—in solving problems with not fully spe- 
cified conditions. 

We became aware of the need to expand the orienting 
basis of the action of associating an object with a concept 


! Naturally, students are taught how to establish the presence 
or absence of specific attributes, and this initially appears as an 
independent action and only later becomes a component of the 
action of recognition and thus an operation. 
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in the course of experiments. In principle, this could have 
been established in a purely logical way as well. 

The third condition for control is the representation of 
all elements of action in an external, material (or else ma- 
terialized) form. In relation to the action of associating an 
object with a concept this appears as follows. A system of 
necessary and sufficient attributes for the given concept is 
listed on a card and these attributes are materialized. (For 
example, in assimilating the concept ‘‘perpendicular lines” 
models of straight lines and of right angles are given.) 
The logical rule of action is also materialized; the follow- 
ing type of conventional representation is given'!. 


I. 4+ Il. 4+ (2) I. 4+ (2) 
Q+ 2— 2? 


It is explained to the students that a plus following an 
Arabic number stands for the presence of the correspond- 
ing attribute while a minus stands for its absence, a ques- 
tion mark means that this is unknown (it is impossible to 
provide a definite answer). A plus after the vertical bar 
means that the object being defined matches the corre- 
sponding concept and a minus that it does not, while a 
question mark means that it is unknown whether it does 
match it or not. In addition, it is indicated that in the sec- 
ond and third cases the answer does not change when a 
minus and a question mark relate not to the second but 
to the first attribute. The recognition algorithm is also writ- 
ten down on a card. 

The objects of action are represented either in the form 
of objects from the environment or as geometric models, 
drawings and diagrams. They include objects that do not 
match the given concepts. 

The fourth condition is a stage-by-stage development of 
the action that has been identified with an adequate pro- 
cessing of all given parameters. 

In the case of actions relating to the association of ob- 
jects with concepts, they were carried out in the following 
way. At the stage of preliminary acquaintance with the 
action (the first stage) following the creation of a problem 


? 


1 Of course, the system may include either more or less attributes 
than those that are necessary and sufficient. 
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situation students are told the purpose that is served by 
the action of associating an object with a concept, and the 
importance of verifying the entire system of necessary and 
sufficient attributes as well as the possibility of arriving at 
different results. All this is illustrated in terms of specific 
situations in a materialized form. Subsequently students are 
asked to carry out that action by themselves. That is the 
second, materialized stage. 

Relying on the guiding elements presented in a material 
or else materialized form, students establish the presence 
of the necessary system of object attributes, specified either 
directly or else in the form of models and drawings. The 
outcomes of each operation are recorded with the help of 
the conventional signs (+, —, —?). After carrying out five 
to eight assignments the students remember without any 
memorization both the concept’s attributes and the rule of 
action. Then the action is translated into an external verb- 
al form (the third stage), when assignments are given in 
written form and the concepts’ attributes as well as the 
rule and instruction are either stated or else written by the 
students from memory. At this stage students are free to 
work in pairs and assume in turn the function of either 
execution or control. 

Once the action is carried out easily and accurately in an 
external verbal form it may then be moved on into the 
stage of ‘unvoiced external verbal form’. The assignment 
is given in written form and the specification of attributes 
as well as their verification and comparison of outcomes 
with the corresponding rule are carried out in an unvoiced 
form. Students are still given such instructions as ‘State 
to yourself the first attribute”, ‘Check to see whether it is 
present”, etc. Initially the correctness of each operation and 
of each final answer is controlled, but gradually control 
activities relate to the final outcome alone and are carried 
out when necessary. 

If the action is carried out correctly it is moved on to 
the fifth or mental stage: the student then carries out and 
controls the action by himself. At this stage the teaching 
programme provides for external control of the student 
only with regard to the final outcome of actions; the stu- 
dent receives feedback in the presence of difficulties or un- 
certainty concerning the correctness of the outcome. The 
process of execution is now hidden from view, the action 
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has become fully mental and ideal, but its content is 
known to the teacher, since he designed it and also 
produced its transformation from an external, material 
action. 

This, then, is the way in which actions are transformed 
in relation to their basic parameter, namely form. Trans- 
formations of actions in relation to the parameter of gener- 
alization are provided by a special selection of assign- 
ments. Naturally, the boundaries of generalization are spe- 
cified in advance. In order to arrive at a specified level of 
generalization typical problems are presented within spe- 
cified boundaries. These also take into consideration the 
nature of the specific as well as of the general logical part 
of the orienting basis of action. 

In order to generalize the specific part that is associated 
with the application of a system of necessary and sufficient 
attributes all representative types of objects belonging to 
the given concept are presented. Thus, while developing 
the concept of an angle it is important that the student 
operate with angles that differ in»size (ranging from zero 
to 360 degrees and more) and in their position in space. 
It is also important to consider objects that possess only 
some of the attributes of the given concept but do not be- 
long to it. 

In order to generalize the logical part of the action of 
recognition all basic cases provided for by the logical rule 
of associating an object with a concept are given, i.e., as- 
signments with positive, negative and uncertain answers. 
In a number of our studies we also introduced assignments 
with excessive specifications. It is characteristic that in the 
usual teaching practice only one type of problem is given: 
one possessing a sufficient set of specifications and for 
which there is a positive answer. As a result, students as- 
similate the action of associating an object with a concept 
in an insufficiently general form, and this naturally limits 
the range of applications. Problems possessing excessive 
and inadequate specifications make it possible to teach 
students not only to find particular attributes within ob- 
jects, but also to establish their sufficiency for solving a 
given problem. In practical situations this often appears 
as an independent problem. 

The transformation of an action along two other para- 
meters is achieved through a repetition of assignments of 
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a particular type. As has been noted this is desirable only 
at the last stages, the fourth and the fifth. At all other 
stages the number oj assignments thal is given is deter- 
mined by the needs for assimilating the action in the giv- 
en form, i.e., by a contident execution of all operations, 
together with substantiation of each of them and with a 
specilied level of generalization. Actions should not be held 
up at transitional stages since this will produce its autom- 
ation in a given form, and it has been observed that this 
inhibits the transition of the action to a new, genetically 
more developed form. 

The fijth condition for controlling the process of assimi- 
lation of concepts concerns the presence of an operation-by- 
operation control in assimilating new forms of actions. lt 
has already been noted that control in relation to the final 
outcome of the action alone does not make it possible to 
follow the content and form of the actions executed by the 
students. Control activities relating to individual operations 
provide for information concerning both. In the develop- 
ment of concepts with the help of the action of associating 
objects with concepts the relevant operations include a 
verification of each attribute, a comparison with the logical 
rule, etc. : 

Naturally, before developing the action of associating an 
object with a concept it is necessary to establish the initial 
level of cognitive activities of the students, and to carry 
out the development of necessary prerequisite knowledge 
and actions. (The nature of the knowledge and actions that 
are required for developing this particular action were men- 
tioned in Paragraph 7, Chapter Two.) 


§ 4. Specific Features in Assimilating 
the Action of Associating an Object 
with a Concept That Bear on the 

Quality of Newly Developed Concepts 


The principal experimental material that we have em- 
ployed in our studies related to concepts of elementary geo- 
metry. Students were usually fifth-grade schoolchildren of 
average or else less than average performance who had not 
yet studied geometry. Some students participating in the 
experiments were drawn from the fourth grade. They also 
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included sixth-grade schoolchildren whose achievements in 
this field of geometry were inadequate. In most experiment- 
al studies the development of concepts was carried out on 
an individual basis. 


1. The Assimilation ‘Process 
in Conditions of Experimental 
and Conventional Teaching 


In the studies that we carried out or were carried out 
under our direction elementary geometric concepts were 
developed in approximately 400 fourth-, fifth-, and sixth- 
grade students through an application of the above-men- 
tioned principles. 

A special test has shown that when a regulation regime 
is applied the development of concepts occurs almost with- 
out errors. It may be stated with complete contidence that 
the view that assimilation represents a gradual emancipa- 
tion from errors does not correspond to the actual nature 
ol that process. The path leading from an absence of knowl- 
edge to knowledge is characterized not by a replacement 
of some errors by others—in principle that path may pro- 
duce no errors—but by a replacement of the forms in which 
that knowledge exists, which differ in terms of their level 
of generalization, reduction, etc. It is in qualitative 
changes in form and in transformations of knowledge and 
actions in terms of a number of characteristics that 
the true nature of the assimilation process expresses 
itself. 

lf we turn to the conditions of instructions in the 
schools we find that both the students in experimental 
groups and other students are often confronted with prob- 
lems of recognition of corresponding phenomena and ob- 
jects. They are required to perform the action of associat- 
ing an object with a concept. In a school environment, 
however, that action is not developed as an object of spe- 
cial assimilation—the students must perform it themselves. 
They usually receive only a system of attributes that are 
necessary and sulficient for the given concept (through a 
definition), ie., the content of the specific part of the 
orienting basis of action of associating an object with a 
concept. But since the system of attributes is given not 
within the action’s structure but independently students 
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find it necessary to enter it into the orienting basis of ac- 
tion by themselves, and it is at this point that many of 
them fail. As a result, the delinition of the concept, which 
such students are able to reproduce correctly, “will be in- 
effective’. In addition under conditions of conventional 
instruction students are not always taught methods for 
identifying essential attributes in concrete problem situa- 
tions. 

This leads to the development of an orienting basis of 
the given action through “trial and error’. Since the orient- 
ing basis of action is relatively complex, a large number 
of trials are needed, and hence a large number of errors 
are produced. If we analyze the nature of the errors we 
will see that at first students gradually identify the spe- 
cific part of the orienting basis of action. They shift from 
a reliance on external nonessential attributes to an orienta- 
tion on essential ones. But in order to arrive at a recogni- 
tion of objects it is necessary also to take into considera- 
tion the logical rule of associating an object with a con- 
cept. To discover this independently is not so simple and 
for that reason instead of orienting themselves on a sys- 
tem of necessary and sufficient attributes many students 
orient themselves only on individual isolated properties. 
The process through which that part of the orienting basis 
of action is identified in the case of actions concerned with 
the association of objects with concepts sometimes requires 
several years, but even then many students possess 
an incomplete orienting basis and the corresponding ac- 
tion of associating an object with a concept remains unreli- 
able. In particular a study carried out by M. B. Volovich 
(18) produced the following findings. This related to 252 
students drawn from the eighth and ninth grades of five 
Moscow schools whose general achievements were good or 
excellent, and who were taught by eight teachers. They 
were asked to carry out 10-12 assignments concerned with 
associating indicated objects with such concepts as “a bi- 
sectrix’’, “mutually perpendicular straight lines’, ‘“‘adjacent 
angles’, “vertical angles’. In one half of the assigned prob- 
lems the objects were represented in drawings, while in 
the other half they were presented through verbal descrip- 
tions. In terms of content there were three types of prob- 
lems: with incomplete definitions, sufficient definitions, 
and excessive definitions. 
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It was found that of 1,440 problems requiring that an 
object. represented on a drawing be associated with one of 
the indicated concepts only 875 (less than 61 per cent) 
were solved correctly. Such a large ratio of errors in solv- 
ing elementary problems is explained by the fact that stu- 
dents relied more on their visual perception than on in- 
strument indicators. A specific feature of the problems was 
this: the figures were unfamiliar in appearance (for exam- 
ple, a right angle was located at the apex of a triangle and 
was also divided by rays into a number of other angles). 

We thus see that even in upper grades students continue 
to be tied to drawings, and that by no means all students 
are able to generalize and abstract essential concept at- 
tributes. 

The results were still worse in the case of problems 
with insufficient definitions. Only 35 out of 450 problems 
were solved correctly (less than 8 per cent). As we see the 
logical part of the orienting basis of action was not fully 
assimilated even by good and excellent upper-grade stu- 
dents. 

Various errors, which have been interpreted as normal 
stages in the process of assimilating concepts, are thus in 
fact consequences of the unorganized assimilation of the 
actions underlying the concepts. This leads to the develop- 
ment of an inadequate orienting basis of these actions and 
to an insufficient level of generalization in assimilating its 
content. But as has been shown a specific characteristic of 
the development of man’s cognitive activities lies in that 
each person does not discover logical rules of thinking 
anew and does not create systems of concepts, but assimi- 
lates them with the help of other persons as the experience 
of older generations. In the case that has been considered, 
on the other hand, students were not shown the operational 
aspect of the action of associating an object with a con- 
cept, and they were not given the system of guidelines re- 
quired for its execution. This is why we believe that it is 
impossible to study the actual nature of the specifically 
human way of assimilating concepts (knowledge) in situa- 
lions in which corresponding actions proceed in an unor- 
ganized manner. Instead a_ goal-oriented context for 
developing them is needed within which all the con- 
ditions required by the regulation of that process are 
met. 
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2. The Quality of Developed Actions 
and Knowledge in Experimental 
Studies 


We usually evaluate the assimilation of actions and con- 
cepts in terms of the characteristics listed below. 

The Rationality of the Students’ Actions. Under ration- 
ality we have in mind the orientation of students on the 
complete system of essential attributes. 

In order to establish the rationality of actions as a diag- 
nostic means we employ three types of problems: a) prob- 
lems in which a full list of conditions is presented, but 
the drawing does not correspond to these conditions; 
b) problems with inadequate conditions and without a 
drawing; c) problems with inadequate conditions and with 
a drawing that does not correspond to the specified condi- 
tions. (For example, it may be stated in the conditions 
that two equal angles are given possessing a common 
apex. It is asked whether they will be vertical. The corre- 
sponding drawing represents vertical angles. The correct 
answer is: “It is not known”, since it is not indicated 
whether the sides of one angle formed straight lines with 
the sides of the other. This type of problem combines, as 
it were, the characteristics of the first two.) 

It is desirable to initiate the verification of rationality 
by assigning problems of this type. If the student is able 
to solve them, this provides a sufficient indicator of the 
rationality of his actions. Indeed, such problems may be 
solved correctly only in the presence of an orientation on a 
generalized system of essential attributes and on the logi- 
cal rule of identification. If students orient themselves on 
diagrams they will inevitably make an error. If they con- 
sider only individual essential attributes they will also make 
an error. Finally, the solution of these problems requires a 
knowledge of all conditions of all possible cases in solving 
problems on identification. 

The use of problems in which verbal conditions and vis- 
ual data are distinguished in order to test rationality is 
useful in a relatively large number of cases (biology, geo- 
graphy, physics, etc.), even though they may be limited by 
the specific features of the given area. Problems with in- 
sufficient conditions may be employed for diagnosing the 
rationality of assimilation of any concept. 
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The Presence of Conscious Awareness in Assimilation. 
Tn their work with concepts our students acted correctly 
and presented correct substantiation for their actions. 

As has been noted under conventional forms of school 
instruction a high ratio of students beginning to study 
geometry are unable to substantiate their actions (174). 
This is also trne of many students in the upper grades. 
When asked “Why?” they either do not answer at all or 
give incorrect grounds or finally refer to the diagram: 
“One can see that they are equal.” Thus, in studies carried 
out by M. B. Volovich (418), good and excellent students 
from the eighth and ninth grades provided incorrect 
grounds for associating objects with the concepts ‘adjacent 
angles” and “vertical angles” in 558 cases out of 680 (81 
per cent). In particular, 70 per cent of the students who 
correctly identified vertical angles and were asked: ‘“‘Why 
do you think that they are vertical?”’, replied: ‘Because 
they are equal.” At the same time students made use of all 
the attributes mentioned in the definition in performing 
the act of identification. Thus, while their practical opera- 
tions are correct students are unable to prove this, and are 
not aware of the nature of their actions. 

When assimilation is regulated hoth concepts and the 
actions on which they are based develop in a _ conscious 
manner from the very first. 

The Confidence of Students in Their Knowledge and 
Actions. Our students displayed not only rationality and 
an awareness of the nature of their actions but also a great 
confidence in their actions. This expressed itself in a di- 
versity of ways. 


In one of our studies (164) in developing the concept of sup- 
plementary angles we made nse of a definition that is usually 
found in geometry textbooks, namely. “two angles possessing a 
common vertex and a common side’. In short, the necessary and 
sufficient attributes were: a) two angles, b) these angles have a 
common vertex, c) these angles have a common side. A_ sixth- 
grade student, N., stated that an angle and a part of that angle 
thal was supplementary to one of its sides was such an angle. 
When we sought to object she replied that this matches the spe- 
cified attributes, Since we saw that she was pointing to a clearly 
different type of angle we persisted in stating that she was wrong. 
In the course of verification experiments jit became apparent thal 
that stndent Jacked completely an understanding of geometrical 
knowledge and that she was not certain of any of her answers. 
As soon as the teacher would question her findings she would im- 
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mediately abandon them. This student was repeating a_ school 
year and consistently received a D in geometry. But now she 
was argning with the teacher in seeking to prove that she was 
right. And indeed she was: for the definition that we have given her 
the angles that she had found were appropriate since they possessed 
all three indicated attributes. Tt is in this way that we discov- 
ered that textbooks provide an insufficient set of attributes which 
must be complemented by one more, namely one which excludes 
the presence of common points in these angles’ internal regions. 
(Our students have helped us find the logical inconsistency of a 
number of definitions in geometry textbooks relating to vertical 
angles, adjacent angles and others.) 


In a number of studies we deliberately created provoca- 
tive situations and sought to force students to orient them- 
selves on external nonessential attributes. Thus in the 
study carried out by FE. I. Kochurova average students 
studying zoological concepts (fish, birds, mammals) were 
given images of animals belonging to a particular class 
and were asked to identify them. These images were select- 
ed in such a way that in terms of their external appearance 
the animals belonged to another class (dolphins, whales, 
bats). The teacher who, for example, would show an image 
of a whale would say: ‘‘Now this looks like a fish, does it 
not?” Usually the students answered approximately as fol- 
lows: “It may well resemble it but now we will see just 
what it is.” This was followed by an analysis of attributes 
on the basis of which the students then gave their answer: 
“This is a mammal, not a fish.” The students were aware 
of the apparent noncorrespondence of the objects associat- 
ed with a particular class. For example, having placed bam- 
boo in the group of grasses they would say: “And yet one 
could easily think that they belonged to cords” (471). 

Similar responses were found among children of pre- 
schoo] age. Thus Lopez (92) carried out a stage-by-stage 
development of the Vygotsky-Sakharov artificial concepts. 
Only three out of one hundred students made errors in the 
check test, in which essential attributes and associated at- 
tributes (colour, form) were distinguished. The students 
oriented themselves correctly on essential attributes and 
received new groups of figures that differed in their colour 
(form). while in the groups that were created after the 
learning process all figures were of the same colour (form). 
The teacher insisted that the figures were not placed cor- 
rectly. “Is it permissible to place both blue and green fi- 
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gures in the ‘bat group? You know that we had only red 
objects in that group. Take these toys away, they were 
placed in the wrong playhouse.” We was saying this per- 
sistently and even angrily. 

It is well known that preschool-age children may be 
easily influenced and easily respond to the authority of 
adults. In that case, however, the children did not agree 
with the teacher. argued with him and sought to prove to 
him that he was mistaken: “So that can be blue. That too 
is ‘haf? the others were a red ‘bat’? and that is a blue 
‘bat.’ Some of the students became angry and were out- 
raged at the teacher’s behaviour: “But you yourself said 
that we should check the height and the hase. This toy has 
both, as does a ‘bat?=.” As a result, in spite of this provoc- 
ative type of behaviour on the part of the teacher, only 
5) per cent of the students agreed to abandon their correct 
initial solution. Seventeen per cent of the students vacil- 
lated. At first they insisted on the correctness of their solu- 
lion. then abandoned it, but then eventually returned to 
their initial view. Seventy-cight per cent of the students 
were sure of themselves. They were ready to argue with 
the teacher and saw the teacher’s annoyance at their he- 
haviour but nevertheless would not agree to group figures 
simply according to colour or to form. 

These data provide grounds for questioning the view that 
preschool children may easily be influenced because of 
their age. We believe that this characteristic exists when- 
ever the child masters actions in an unorganized manner, 
as a result. of which the actions often prove to be insuffi- 
ciently rational, unconscious and unsuitable for independent 
applications, particularly in new _ situations. Conversely, 
in those cases in which actions appear as an object of spe- 
cial assimilation and where the course of their development 
is regulated, actions and knowledge are developed as ra- 
tional, conscious and independently controllable. This causes 
the children to act confidently in ways that are appro- 
priate to particular situations, Confident behaviour, of course, 
depends on a number of other factors as well. but the 
fully developed state of the actions underlying decisions 
concerning whieh doubls may arive is the principal faetor. 

The Absence of Ties to an Objeecl’s Sensory Characteris- 
tices. It is widely accepted in educational psychology and 
child psychology as well as in didactics that one of the 
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characteristic features of a child’s thinking concerns its 
orientation on visual elements as well as on practical and 
sensory elements. This was particularly evident in expe- 
riments on the assimilation of concepts. Any sensory at- 
tribute that may be common for a number of objects of the 
given class plays a greater role than do essential attributes 
specified in the definition (70: 125; 67). 

N. A. Menchinskaya proposed the principle of changing 
nonessential properties, and above all of sensory properties, 
in order to oppose such influences and to facilitate the pro- 
cess of identifying essential attributes. Without denying a 
certain relevance of that principle under conditions of un- 
organized or poorly-regulated concept assimilation we wish 
to. observe that at the level of theory this lends support to 
a sensory, mechanistic view of the process of concept as- 
similation which is thus perceived in terms of an analogy 
with producing a Galtonian photograph. The common attrib- 
utes that are identified under such an approach with the 
essential ones operate repeatedly on man’s mind, and each 
lime this intensifies the reflection of what is common, while 
nonessential attributes tend to fade in the course of time 
and to be left out of the concept’s content because cach 
time they appear in a new specific form. 

By directing attention to the subject’s activity the ap- 
proach that we are considering makes it possible to overcome 
mechanistic views of the process of concept assimilation. 
For it emphasizes that in fact the subject actively interacts 
with the world of objects and that his actions and _ activi- 
ties operate as a mediating link between the external 
world and images that reflect that world. 

If we turn to an analysis of the process of concept de- 
velopment under the usual approaches to instruction we 
will see that the attachment of students to sensory object 
properties results from a poor organization of their activ- 
ities, We have already noted that definitions of concepts 
are usually introduced in a purely formal manner. Jt is 
presumably expected that students will then themselves 
decide how they will be employed in analyzing specific ob- 
jects. But since the use of a definition in analyzing concrete 
objects presupposes an entire range of specialized knowl- 
edge and abilities (a knowledge of logical rules, a working 
knowledge of methods for identifying concept attributes 
within objects, etc.) most students are in fact unable to 
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assume that task, and hence learn to differentiate objects 
by orienting themselves on superficial properties. They thus 
become dependent on external sensory attributes not as a 
result of their own thinking but because they do not pos- 
sess anything more reliable. As soon as they are given 
means for orienting themselves on essential properties, 
which are often not very evident, they are able to rely on 
them and cease to be influenced by nonessential properties, 
even when the latter are vivid and constant. 

This was already evident in our initial studies on the 
development of concepts. As has already been noted, in 
teaching geometry, we introduced problems in which the 
drawings did not correspond to stated conditions. Let us 
consider an example of the way in which the behaviour of 
students changes following a conscious assimilation of a 
mode of action. 

In carrying out a diagnostic experiment a poor student, 
N., was given a problem in whose conditions all necessary 
and sufficient attributes of a bisectrix were specified. It 
was then asked whether the line specified in the problem’s 
conditions would bisect an angle. An accompanying draw- 
ing was given, on which the straight line was represented 
in a position clearly different from that of a bisectrix. 

At first the student stated that the straight line would 
be one that bisects the angle. “If we use a protractor... at 
first one should measure with a protractor.” After measur- 
ing she found that the angles are not equal and refuses to 
declare that the line is a bisectrix. She then reads the prob- 
lem specifications once more, which state that a straight 
line divides an angle into two equal parts, and says that 
the line divides only the angle DAC into equal parts. 


TEACHER: Where, then, are the equal parts? 

STUDENT: The side AB is equal to the side AD, while the 
side AC is not equal to the side AD so the straight line will not 
be the bisectrix. 


As we see this student is unable to free herself from the 
difficulties produced by differences in the specified condi- 
tions and in the drawing. She readily abandons her ans- 
wer and arbitrarily changes the attributes of the bisectrix. 

In a teaching experiment after reading the same problem 


the student quickly begins to describe these conditions out 
loud. 
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TEACHER (interrupts): Have you solved the problem? 

STUDENT: Yes, the drawing belongs to another problem: the 
specified conditions indicate that it is a bisectrix but that is not 
so on the drawing. 

TEACHER: Why did you decide that it is a bisectrix? 


The student correctly lists the attributes of the bisectrix, 
points to their presence in the problem conditions, and 
adds: “On the drawing the line has the following attribute 
in common with a bisectrix, namely, that a straight line 
leaves the vertex, but it does not divide the angle into two 
halves.” She rapidly measures the angle with the protrac- 
tor: “One is forty degrees and the other is ten degrees” 
(163; 164). 

We see that the student clearly identified the necessary 
and sufficient attributes and made use of them correctly 
in a case in which the drawing did not correspond to the 
problem’s conditions. Earlier this served as a _ source of 
confusion. This is especially interesting because N. had not 
worked on developing the concept of a “‘bisectrix’”. She as- 
similated the method of action in relation to attributes in 
the course of the working on such concepts as “straight 
lines” and “angles” and then transferred that method to 
the concept a “bisectrix’’. 

Another example is equally suggestive. A fifth-grade 
student of average abilities, K., was deliberately given 
straight lines only in a horizontal position in developing 
the concept a “straight line”. A preliminary interview in- 
dicated that the student considered only horizontal and 
vertical lines as straight lines and viewed sloped lines as 
slant lines: ‘This is not straight,” she would say and we 
would deliberately not correct her. A horizontal line was 
also drawn on the card of attributes that she was given. 
The first six problems were accompanied by horizontal 
straight lines. The student tested them with the help of a 
tightly-drawn thread. The seventh problem related to a 
vertical line. In the eighth problem a sloped line was given. 
The student was asked to state what kind of line this was 
without reading the problem and without using the thread. 
She quickly and firmly replied that it was a straight line. 
When asked why she thought so she replied: “It will 
match a tant thread.” Thus, it is only the thread that 
had become a reference standard for a straight line—a 
thread which had been given her and with which she worked. 
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Subsequently, she was given a cluster of straight lines. 
She answered confidently that they were all straight. 

A similar development occurred in the case of other stu- 
dents as well: they shifted from drawings and sensory per- 
ceplions of properties to an analysis of verbally given dala 
whose correspondence to a system of necessary and suffi- 
cient concept attributes determined their answer. It is char- 
acteristic that when we asked them to represent a partic- 
ular geometric figure on the drawing they could represent 
it in different spatial positions and designate it by different 
letters. In other words, they did not display a type of stan- 
dardized approach to representations that are so character- 
istic of teaching at school. This also indicates that these 
students were not tied to specific object characteristics 
identified through sensory perception. 

Yet. it would be wrong to think that these students did 
not require any sensory data. As we observed the various 
groups of students we noted that some solved the assigned 
problems without sensory support altogether,! others relied 
on representations, still others sought to ‘‘represent’” spe; 
cified conditions in space, while still others asked permis- 
sion to draw a sketch on paper (and then frequently re- 
presented figures that did not correspond to the indicated 
conditions in terms of their sensory properties). This last 
point indicated that for such students drawings served as 
a conventional carrier of essential attributes rather than 
as a part of problem specifications, and that they merely 
played an auxiliary role or perhaps merely the role of a 
specific instance (164). 

The traditional view concerning the role of sensory prop- 
erties in the thinking of children was conclusively dis- 
proved in the study of Lopez (92) mentioned earlier and 
which related to Cuban children between the age of six 
years and six years and nine months. As has already been 
noted each group of children had been given figures of 
only one colour or else one shape, but these attributes 
were, in fact, not essential to the development of corres- 
ponding concepts. The essential attributes were the area of 
the base and the height of the figures. These are more 


' This does not mean, of course. thal they did not require any 
materialization: we are referring to the solution of problems present- 
ed in check tests after the material stage of the action had been 
completed. 
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difficult to capture in sensory form and are not as easily 
seen as colours and shapes (studies on child psychology 
have long shown that colour and form are leading attributes 
among preschool children). 

Yet, check tests have shown that Y¥7 students out of 100 
oriented themselves on the area of the base and on the 
height of figures. These attributes were in fact viewed as 
the leading ones, since in the process of concept develop- 
ment they were employed as the standard with the help of 
which each object was examined in establishing whether 
it belonged to the given class. Thus, in relation to pre- 
school children as well it is possible to affirm the same 
point as in the case of children of average school age, name- 
ly, that when the colour and form of objects are perceiv- 
ed as leading object properties this is because they are not 
taught to rely on other properties and are not provided 
with means to identify them. 

While form and colour are identified more readily than 
other properties this does not mean that children always 
view these properties as decisive. Thus, the experiments 
that have been described suggest that the role of sensory 
properties in the thinking of children have been overem- 
phasized. Children become prisoners of concrete data only 
when they are not provided with modes of action that per- 
mit an orientation on other, more essential properties. 

The State of Generalization of Concepts and Actions. 
We have studied the state of generalization of concepts 
and actions being developed in two ways. First, we have 
verified the ability of students to apply the concepts and 
actions that were developed in conditions that differed in 
some respects from those in which the concepts and ac- 
tions had been taught. Second, we have studied the in- 
fluence of the newly developed concepts on the subsequent 
process of development of new concepts, both from the same 
area of knowledge and from substantially different areas of 
knowledge. In other words, we examined the possibility of 
“transferring” concepts to new situations, which is, as we 
have already noted, an indicator of the state of generaliza- 
tion of the elements of cognitive activities that are being 
“transferred”’. 

In the first case students were asked to identify objects 
of the same class but in different specific conditions. Some- 
times ‘we altered substantially some nonessential object 
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attributes. For example, while the concept would be de- 
veloped in the context of a particular spatial position of rel- 
evant objects check tests presented these objects from the 
given class in very dilferent spatial positions (164; 165). 
Without changing the material, colour and form of objects 
in the process of teaching we gave check tests in which 
objects of the given class possessed another colour or an- 
other form, or else were made from another material (176; 
92). Students who were taught with the help of our meth- 
od were able to orient themselves correctly in new situa- 
tions and the concepts that had been developed were ap- 
plied successfully in identifying new objects related to 
those concepts. 

In some of the studies the element of novelty in specified 
conditions was provided by presenting objects of the given 
class jointly with other objects; during the teaching process 
the objects belonging to a given concept were presented 
as independent objects, while in check tests they were ele- 
ments of other objects. The figures to be identified were 
presented in two ways: a) with a clear specification of the 
attributes of the given concept (for example, it was stated 
in a problem that the angle of a parallelogram was divided 
by a ray passing through its vertex in a ratio of three to 
four. It was asked whether that ray would bisect the given 
angle. The students had not seen parallelograms before) ; 
b) with an implicit indication of attributes necessary and 
sufficient for associating an object with a specified class of 
objects. Unlike in earlier problems the conditions did not 
contain direct information concerning the object attributes, 
but these could be inferred indirectly. For example, condi- 
tions might specify adjacent angles and indicate that a 
bisectrix passes through each of them. It was asked wheth- 
er these bisectrices would be perpendicular to each other. 
As we see, these conditions do not directly convey any da- 
ta concerning any of the necessary and sufficient attributes 
for establishing the presence of perpendicularity. The first 
attribute (a straight line) is conveyed through the indica- 
tion that bisectrices are drawn (a bisectrix is a ray). In 
order to establish the presence of the second attribute (they 
form a 90 degree angle) use must be made of a property 
of the bisectrix (it divides the angle in half), and of the 
property of adjacent angles (their sum is 180 degrees) and 
to apply approximately the following reasoning: “‘1) Each 
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bisectrix divides the angle into two equal parts. Accord- 
ingly, each of the adjacent angles is divided into two 
equal angles. 2) The angle between the bisectrices is com- 
posed of halves of adjacent angles. This means that it is 
equal to the two remaining angles. 3) ‘The adjacent angles 
taken together are equal to 180 degrees. Accordingly, the 
angle between the bisectrices will be one half of 180 de- 
grees, i.e., 90 degrees.” 

Without pausing to consider an analysis of solutions of 
problems of the first type we shall merely note that they 
did not pose any difficulties. 

The solution of problems of the second type calls for a 
special discussion. Two research studies were carried out 
in order to establish the specific features of the students’ 
orientation in situations of this type, which are far more 
complex. They related to elementary geometric concepts 
(lines, angles, a bisectrix, adjacent angles, perpendicular 
lines, triangles). 

In the first study, which we carried out jointly with 
K. A. Stepanova (174) the group was composed of thirteen 
fifth-grade students whose performance had been poor and 
who had never studied geometry. In instruction they were 
given only problems in which the necessary and sufficient 
attributes of the relevant concept were presented in an ex- 
plicit and direct form. The search for attributes was thus 
made as easy as possible. The series of teaching experi- 
ments did not teach students to find attributes given in an 
implicit form; they merely assimilated the action of asso- 
ciating objects with a concept in terms of attributes pre- 
sented in an explicit form. 

Once the action of associating objects with a concept 
was developed each student was given check tests in ap- 
plying corresponding concepts. These specified the neces- 
sary and sufficient attributes of the concepts being verified 
in an implicit form. The degree to which they were im- 
plicit and accordingly the degree of complexity of the prob- 
lem varied. In some problems one attribute of the concept 
in question was given in an explicit form while another 
was implicit. In other problems all attributes were given 
implicitly. In some problems, moreover, the finding of re- 
quired attributes called for the use of one familiar concept, 
while in other cases this was two. In two of the problems 
the attributes being sought were presented through unfa- 
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miliar concepls. The solution of all problems was limited 
io allribules tbat had been specified in definitions of the 
corresponding concepts. None vf the problems required the 
use of theorems and logical inference. Usually the prob- 
Jems were given wilhoul a drawing (drawings were given 
only when the student experienced difficulties). 

Allogether 164 problems were given to 13 students. In 
{63 cases the students identified the attributes that were 
hidden in the problem’s conditions and provided the cor- 
rect auswers; in 150 cases, moreover, they provided a cor- 
rect substantiation. Similar results were oblained in a sec- 
ond study that was carried out jointly with G. A. Butkin 
(170). 

It is characteristic that even when encountering unfamil- 
iar figures the studenis felt confident, immediately turned 
to the necessary and sufficient attributes of the concept in 
question and employed them as reference standards. They 
sought the attributes in the problem’s conditions, and the 
absence of a drawing did not impede a correct solution. 
Upon meeting an unfamiliar concept in the problem’s con- 
ditions they asked for explanation. After the teacher had 
provided a definition of a new concept they repeated its 
attributes (either out loud or to themselves) and com- 
pared them with those being sought. A large number of 
students expressed their reasoning out loud. 

Those studies have thus shown that when students are 
taught to employ the necessary and sufficient attributes of 
concepts as an orienting basis of action in situations in 
which the object being defined may be directly compared 
with these attributes, they will subsequently employ them 
correctly in situations, that are more complex, in which a 
preliminary search is needed to establish the system of 
necessary and sufficient attributes. 

The second approach to studying the state of generali- 
zation of the concepts being developed was concerned with 
studies of ‘transferability’: the existence of a positive in- 
fluence of assimilated actions and concepts on the de- 
velopment of new ones was established. We recorded in- 
stances of such transfers in the development of several 
closely related concepts. In a joint study with S. B. Ma- 
shkova (50) after developing the elementary geometric 
concepts “‘straight line’ and ‘“‘angle”’, we studied the spe- 
cific characteristics that altached to the development of such 
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concepts as ‘‘a bisectrix’’, “a perpendicular line’, and ‘‘ad- 
jacent angles’. lt emerged that the assimilation of the spe- 
cilic part of these concepts proceeds approximately in the 
same way as in the case of the initial ones—there was no 
positive transfer; this means that the specific part of a 
developed action and concept is generalized only within the 
framework within which that concept was applied. As for 
the logical part of actions, its development in assimilating 
new concepts proceeded much more rapidly and more 
easily: it could be carried out immediately in external verb- 
al form and even in a mental form. This indicates that as 
the initial concepts were developed students assimilated the 
logical part of actions in a generalized form that was also 
applicable to work with other contents. 

Another study carried out jointly with E. I. Kochurova 
(171) established the existence of such “transfers” first with 
regard to concepts that are related to some extent but are 
more distant than in the case that has just been examined, 
and second in relation to concepts from an altogether dif- 
ferent area. 

These studies refer to a group of 16 fifth-grade students 
of average performance, who had not studied geometry in 
school. The teaching series of problems related to elemen- 
tary geometric concepts: straight line, angle, bisectrix, sup- 
plementary angles, adjacent angles, and vertical angles. As 
in the other studies these concepts were developed through 
the action of associating objects with concepts. 

Once the students had assimilated that action and con- 
cepts they were given a series of check tests, in which they 
were also asked to carry out the action of associating an 
object with a concept. The concepts, however, were not fa- 
miliar ones. They were borrowed not from plane geometry 
but from stereometry, botany and zoology. The concepts 
borrowed from stereometry were a “prism” and a “truncat- 
ed pyramid”. Those borrowed from botany were “herbaceous 
plants” and “ligneous plants”, while the concepts “fish”, 
“birds” and “‘mammals” were borrowed from zoology. 

It is important to note that the material was selected de- 
liberately in such a way that one could not judge by ap- 
pearances alone to which concept the given object belongs. 
Thus, in the case of some of the truncated pyramids the 
difference between the upper and lower planes was so neg- 
ligible that they could easily be taken as prisms. In the 
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botanical series the plants that were listed included papyrus 
and bamboo, which are tree-like in terms of their external 
appearance, even though they are in fact herbaceous plants. 
Conversely, ivies and dwarf trees resembled herbaceous 
plants in their appearance. Finally, the animals included 
dolphins and seals, which are mammals that may easily 
be mistaken for fish. Nor is it easy to recognize that a bat 
is a mammal since it is more like a bird in its external ap- 
pearance. The variety of fish was especially great: it in- 
cluded flying fish, sea horses, and fish whose appearance 
was similar to snakes. 

A relatively detailed description of each animal or plant 
was presented on the reverse side of each card carrying the 
corresponding drawing. The descriptions contained many 
nonessential attributes but always contained essential ones 
as well. The name of the class to which the animal or plant 
belonged was, of course, not indicated. 

Twelve (75 per cent) of the sixteen students soon stated 
that in order to solve the problems it was necessary to 
know the relevant attributes and asked what they were. 
The teacher gave cards to everyone on which the attributes 
of the corresponding concepts were written and pointed to 
the texts containing descriptions of the plants, animals or 
figures being considered. Four students initially sought to 
identify the drawings by their external appearance. But 
after the teacher had asked whether it was possible to place 
the cards in some other way, they firmly answered that 
“they may be placed in terms of attributes”. Let us consider 
a typical passage from the minutes of an experiment. A 
student, S., decided to divide animals into three groups by 
their external appearance. 

TEACHER: In what other way is it possible to solve that 
problem? 

STUDENT: It may be done by attributes but we do not know 
anything about animals and we do not have attributes. 

TEACHER: And what if I should give you the attributes? 

STUDENT: Then it would be possible. 


After receiving the cards with attributes all students 
usually stated the same point as T.: “I thought about at- 
tributes right away but then I thought that I do not know 
the attributes for all these plants.” 

After receiving cards with attributes all students proceed- 
ed confidently: they read the descriptions, and sought in 
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them the attributes that are necessary and sufficient to re- 
late the object to the corresponding concept. At first’ they 
consulted their card and searched for one attribute after 
another, but after several problems they had memorized 
the attributes and did not consult their cards any longer. 
The students stated the attributes out loud and then sought 
them in the description. Towards the end of the experi- 
ment this was no longer necessary: they moved immedia- 
tely to an analysis of the description and did this without 
voicing the attributes. But in those cases in which they 
encountered objects that did not match the concepts that 
were given they first made several attempts to carry out 
the action of association in mental form, and then occa- 
sionally shifted to an action in which they relied on the 
card on which the necessary and sufficient attributes of the 
corresponding concept were listed. In most cases this oc- 
curred in relation to objects that possessed some attributes 
matching the necessary and sufficient attributes of cor- 
responding concepts (for example, in relation to a turtle, 
students discovered that it lays eggs, yet that attribute had 
been mentioned as one of the necessary attributes of 
birds). 

Initially the analysis of the objects that had been given 
proceeded slowly and in extended form, but gradually it 
became more rapid, and eventually students started to pro- 
vide the answers immediately after reading an object’s de- 
<cription. It is characteristic that at no time did they yield 
to the temptation of relating an object to a particular class 
of objects on the basis of external appearance alone, with- 
out establishing the presence of the system of necessary and 
sufficient attributes of the corresponding concept. Even in 
those cases in which the teacher provoked them to follow 
an orientation on external attributes they proceeded cor- 
rectly, applying the actions that had been assimilated in 
work with concepts from another area. 

All students solved the check tests. It should be noted 
that they were given a classification problem, that is, a 
problem that is more difficult than the identification of in- 
dividual objects in the process of learning. 

This study has thus shown that the logical content of 
the action of associating an object with a concept may he 
developed in a generalized form already in work with the 
most elementary scientific concepts, and may subsequently 
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be applied without further learning to any concepts pos- 
sessing the same logical structure of attributes. 

That conclusion was confirmed by experiments with pre- 
school children. Kh. M. Teplenkaya (176) carried out a 
study involving 48 children between the ages of six and 
seven. It was concerned with the action of associating an 
object with a concept and use was made of the four arti- 
ficial concepts of Vygotsky-Sakharov. All conditions required 
for a regulation of assimilation processes were met. 

Following a verification of possibilities for applying the 
newly developed concepts in new conditions (through an 
introduction of new nonessential object properties) the stu- 
dents were given the same problem on the classification of 
animals by classes—mammals, fish, birds—as in the study 
of Kochurova. Since the children did not possess any bio- 
logical knowledge and could not read, distinguishing attrib- 
utes of each class were named to them as essential attri- 
butes (mammals feed their cubs with milk; fish breathe 
with gills; the bodies of birds are covered with feathers). 
Because the test was concerned with the transferability of 
a logical rather than a specific part of the concept the na- 
ture of the distinguishing characteristics did not play an 
essential role. 

The children experienced difficulties because for the first 
time they found themselves in a situation in which judge- 
ment on the basis of a direct impression and judgement 
based on logical means contradicted each other. (In the 
teaching series of problems the perceptual image of the 
objects did not contradict their logical evaluation.) Never- 
theless all children classified animals correctly. After they 
were given a problem they immediately turned to the teach- 
er and asked: “And which attributes are important?” The 
teacher would name the essential attributes. Subsequently 
the children would take the card with a drawing of the ani- 
mal and would ask the teacher whether the given animal 
had the attributes of a particular class. 

It is characteristic that the order in which the children 
asked questions concerning individual attributes was not 
arbitrary. They always asked first whether the animal in 
question possessed the attributes of the particular class that 
was suggested by its external appearance. In the case of 
whales, for example, attributes relating to the class of fish 
were mentioned first (“How does it breathe?”’). When it 
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turned out that the animal did not possess the attribute of 
the corresponding class the children shifted to establishing 
the presence of attributes typical of other classes. 

The conclusion that the animal belonged to a particular 
class was always reached on the basis of the attribute that 
was mentioned to them as essential (“important”). 

A transfer of the logical part of the action of associating 
an object with the concept thus did take place among pre- 
school children. It is particularly interesting that it occur- 
red under conditions in which conflicts arose between the 
child’s “worldly” experience and the experience acquired 
in the course of learning. This confirms Vygotsky’s view 
that the assimilation of scientific concepts produces a re- 
structuring of “worldly” concepts and “elevates” them to a 
scientific level. ! 

In analyzing the structure of actions, the objective con- 
tent of elements constituting that structure, and the nature 
of their relations, it is possible to indicate in advance the 
possible limits of generalization. Theoretical analyses and 
experimental data have shown that possibilities for trans- 
ferring different structural elements constituting cognitive 
actions vary. Naturally, the specific part is much more lim- 
ited in its transfer possibilities than is the logical part, 
which does not objectively depend on the specific content 
of concepts and actions. But actual possibilities for trans- 
ferring, and accordingly the level of generalization of par- 
ticular types of knowledge and actions are determined not 
only by their objective content but also by the quality of 
assimilation. 

Our studies have identified a number of conditions that 
contribute to the transfer of assimilated actions. 

If actions did not appear as objects of assimilation in 
the course of learning, developed in an unorganized manner, 
and are not consciously performed, then they may be ap- 
plied effectively only in relation to the particular concepts 
on the basis of which they were developed and cannot be 
transferred to other concepts. This was established in stu- 
dies carricd out by E. I. Kochurova and Kh. M. Teplen- 
kaya. 

Unlike in the classical methodology of Vygotsky and 
Sakharov in which artificial concepts were developed under 


! This problem will be examined more closely in Paragraph 5. 
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conditions in which the objects possessed two essential at- 
tributes (the area of the base and the height) and two non- 
essential attributes (form and colour) real scientific con- 
cepts were developed in the studies of Kochurova (77) in 
relation to objects possessing two or three essential attrib- 
utes and three to five nonessential ones. Another differ- 
ence concerned the fact that in that case each concept was 
developed separately, and the student was given only those 
figures that had served to develop the corresponding con- 
cept. They included both figures that related to the given 
concept and figures that were unrelated to it. The latter 
possessed either individual attributes of the concept that 
was being developed or else nonessential attributes that 
always accompanied essential properties of the particular 
figures in relation to which the given action and concept 
were developed. 

Geometrical figures were presented in the form of either 
models or drawings. The attributes that were varied includ- 
ed the material, colour, size, spatial positions, proportions of 
elements, etc. Approximately 50 figures were shown to de- 
velop each concept. Students were drawn from the fifth 
grade. As in the experiments of Vygotsky and Sakharov 
students were first given a name and were asked to select 
al] the figures to which that name applied. If they made 
an error they were given the name of a figure possessing 
another set of nonessential properties, etc., until each stu- 
dent was able to solve a problem correctly. 

Eventually all students were able to solve the problems 
and to select correctly all figures relating to each of the 
three concepts that were named. The number of required 
trials varied from one to ten. Subsequently, each student 
was asked questions whose aim was to identify the attrib- 
utes that had played an orienting role. An analysis of the 
answers has shown that the students were not consciously 
aware of the essential attributes and were not consciously 
aware of the fact that the figure could be related to the 
given concept only when all of them were present. 

In a series of check tests one half of the students were 
asked to classify a number of animals into three groups: 
mammals, fish. and birds. Naturally, the students did not 
ask for any attributes from the teacher and oriented them- 
selves on external appearances. on the basis of their own 
“worldly” experience. As a result, water mammals were 
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described as fish and flying mammals as birds. Even in 
those cases in which students were given cards listing the 
attributes of particular classes this did not help much: 
“worldly” experience prevailed (‘There are no fins so this 
is not a fish’). Answers were correct only in those cases 
in which essential attributes were combined with external 
properties that were familiar to the student in terms of his 
“worldly” experience. This confirms once again that it is 
not sufficient to merely specify a set of guidelines, and 
that an adequate action must be identified in relation to 
which they may serve as an orienting basis. 

The experiment of Vygotsky and Sakharov relating to 
four artificial concepts were repeated by Teplenkaya (176). 
This related to developing four artificial concepts in a group 
of 11 children, whose age ranged from five and a half 
years to six and a half years. The findings coincided with 
those of Vygotsky. 

Then the children were given the same problem of clas- 
sifying animals as in the preceding study. Their actions 
were similar to those at the beginning of the teaching se- 
ries, i.e., the problem was interpreted as being entirely 
new. While towards the end of the teaching series they 
had reached the level of pseudo-concepts and potential con- 
cepts, the check tests were carried out in terms of com- 
plexes of chains and associations. 

They classified animals on the basis of their similarity 
to one of the apparent attributes of animals from a given 
class. In those cases in which the teacher named the dis- 
tinctive attributes of each of the three classes of animals 
they were unable to make use of them. They would name 
some animal that was familiar to them from “worldly” 
experience and that possessed the given distinctive attrib- 
ute (“I saw a dog and she was feeding her puppies with 
milk’’), and then selected still other animals resembling the 
first in terms of altogether different attributes. Thus, the 
presentation of distinguishing attributes did not lead the 
children to understand the need to classify on the basis of 
a single and stable set of attributes. 

In both teaching series the action of classification was 
thus assimilated by all students. But neither the content of 
that action nor the set of attributes in relation to which a 
classification was carried were consciously understood. As a 
result they were unable to make conscious use of the 
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action that had been assimilated in order to classify new 
objects. 

These studies have also shown that in order to achieve 
a generalization of actions that makes it possible to trans- 
fer them to new situations it is insufficient to merely orga- 
nize material in the appropriate way: the students in this 
study were concerned with different types of objects of a 
given class during the learning process. Students were also 
given the basic types of logical situations bearing on iden- 
tifving, were given variations of basic types of nonessen- 
tial properties, and finally were given a system of sample 
objects from the given class. But all of this merely made 
it possible for them to differentiate objects at the visual 
level. Jt did not lead to a conscious awareness of their es- 
sential properties, which continued to be fused together with 
nonessential ones. and there was also no conscious aware- 
ness of the operations that were performed. 

Our studies have also traced the dependence of general- 
izing activities on the type of the orienting basis of action 
that is employed. 

In particular, in the study of Kochurova that was just 
considered it was found that the number of trials needed 
to select all objects relating to a particular concept depends 
on the level of generalization of the orienting basis that is 
given to the student. For example, in developing the con- 
cept of an angle. one half of the students were given an 
acute angle as their first sample and the other half was 
given a right angle. In the first case the number of trials 
was nine and in the second fourteen. Similarly, in devel- 
oping the concept of supplementary angles the first group 
was given the general case of such angles, namely, the 
case of acute angles, and they required 11 trials. The sec- 
ond group was given a specific case. namely right supple- 
mentary angles, and required 18 trials. 

In our joint studies with Yu. V. Yakovlev (175) com- 
parisons were carried out to the effectiveness of teaching 
chess skills with the help of different tvpes of orienting 
bases of action. One of the indicators of effectiveness was 
the range of situations in which the developed actions and 
knowledge could be transferred. 

As in the other studies it was found that when an orient- 
ing basis of the second type was employed the correspond- 
ing “transfer” of knowledge and actions was limited. It oc- 
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curred only in those cases in which a specific condition 
of a new problem was similar to conditions considered in 
the case of the teaching process. The dependence of trans- 
fers on the quantity of specific cases assimilated by the 
students was also studied. It was found that an increase 
in their number did not lead either to a greater level of 
generalization or to a conscious awareness of the particular 
conditions that underlie the solution of all these cases. The 
acquired actions were reasonable and conscious but were 
of a specific nature. Of course, as the number of specific 
skills increases, possibilities for transferring them also in- 
crease, since the assimilation of each new specific procedure 
represents an addition of a certain range of problems with 
conditions resembling those that were used in learning. But 
this does not produce any qualitative changes either in the 
abilities themselves nor with regard to their transfer 
boundaries. 

These data confirm once more the incorrectness of the 
view that generalization is similar to a Galtonian photo- 
graph: an increase in the number of specific types of knowl- 
edge and actions does not lead to an “erasing” of some 
specific features by others and to the identification of what 
is general as a component that is intensified as each spe- 
cific case is assimilated. As we have already noted the pro- 
cess of generalization is an aotive process that depends on 
the content of the orienting basis of the actions that are 
directed at the objects to be generalized. The nature of the 
orienting basis of action operates as a decisive condition 
determining the extent to which the knowledge and action 
being developed will be generalized. Tn order to develop gen- 
eralized knowledge and actions it is necessary to include 
the essential attributes that underlie all specific phenomena 
into the orienting basis of action from the first. Each speci- 
fic phenomenon will then be viewed from the first as a man- 
ifestation of what is general and essential. and will en- 
courage the assimilation of the latter. This is precisely the 
manner in which we approached the development of the 
logical part of concepts, and succeeded in making it trans- 
ferable to a large number of situations independently of 
the apparent similarity of the specific conditions of the 
problem. 

Attaining a Specified Form of Action. In all cases in 
which the stage-by-stage development of actions was un- 
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dertaken it was possible to carry them to the level of men- 
tal forms. Moreover, as has already been shown, actions 
in that form were transferred either fully or partly into 
situations that were substantially different and that called 
for a partial replacement of the orienting basis. In cases 
in which conditions were very complex the action fell back 
to genetically less developed phases—usually to the exter- 
nal verbal stage. 

As has already been mentioned the attained form was 
identified by asking the students to carry out actions in 
corresponding forms. 

The Stability of Newly Developed Actions. The tests that 
were employed to verify the stability of newly developed 
actions were not systematic: their stability was established 
only in some studies and with regard to some of the stu- 
dents. Nevertheless, whenever we verified the development 
of a concept and action after several months (from three 
to ten) we always found that the students displayed prac- 
tically the same abilities as immediately following the 
learning process. Of course, no additional learning had tak- 
en place during the intervening time. 

Thus in the study of M. B. Volovich (18), 94 per cent 
of the students who were given problems in identifying ob- 
jects after a period of three months gave correct answers, 
and that number declined to only 93 per cent after ten 
months. With regard to problems concerned with establish- 
ing inferences from the fact that an object belonged to a 
given concept 95 per cent of the students gave correct ans- 
wers alter three months and 93 per cent after ten months. 
Approximately similar results were obtained with regard to 
other types of problems. 

Similar results were obtained in other studies. It is im- 
portant to note that the development of knowledge and ac- 
tions not only made it possible for students to answer cor- 
rectly, but led them to retain all the qualities mentioned 
above, such as rationality and a conscious awareness of 
their actions. For example, in one of our studies we gave 
students a problem five months after the concept a “per- 
pendicular line” had been developed, in which it was asked 
how one would know where the lines on a drawing were 
perpendicular. Four perpendicular lines were represented 
on a drawing whose position was unusual, as well as one 
sloped line in a familiar position. The angle of the sloped 
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line, moreover, was nearly a right angle. The students 
replied that one should measure the angles, and whenever 
the angle will be a right angle there will be a perpendicu- 
lar line. When they were asked to estimate this visually 
they answered correctly. Thus, the students showed that, 
first, they knew the method for identifying objects, and sec- 
ond, that specific features in these objects do not prevent 
them from acting correctly. 

While the testing of the stability of acquired knowledge 
calls for further studies the data that are already available 
make it possible to believe that the principles that were 
applied to the development of actions (and knowledge) re- 
sulted in much more stable assimilation of these actions and 
knowledge than in the case of traditional forms of teaching. 
This is explained by the fact that in usual school practice 
the assimilation of concepts occurs largely at the level of 
memory. The mental operations on which they are based 
are developed in a largely unorganized manner, and as a 
result not all students attain a capacity for conscious and 
autonomously controlled activity. In the case of our stu- 
dics, on the other hand, these actions appear from the first 
as objects of special development and serve as means for 
assimilating concepts. The process of assimilating concepts 
is organized as a process of applying actions and a process 
of solving problems. The task of remembering is not pre- 
sented to students as a distinct task. 

The Reduction of Actions and Measures of the Extent to 
Which They Are Assimilated. Since the aspect of extensive- 
ness cannot yet be clearly programmed and diagnosed we 
usually acquire only a general notion of that characteristic 
of actions by observing their execution. Indirectly it is 
possible to judge the extent to which an action is reduced 
on the basis of the increasing rate with which it is carried 
out. But that indicator also depends on its assimilation. Its 
reduction is a characteristic that is still insufficiently under- 
stood and for which there are no reliable diagnostic 
methods. 

The findings that were described show that our approach 
provides for a development of cognitive actions (and through 
them of concepts) possessing not only a specified content 
but also a number of pre-specified characteristics. A con- 
cept emerges as an integrated image at the point “when the 
action on the basis of which it is formed having passed 
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throneh a ctage-by-stage elaboration becomes a_ general- 
ized, reduced. automated. and subconscious mental process. 
A mental action in such a form is a psychological mechan- 
ism of an abstract image, a mechanism of its development 
and continued existence” (36, p. 465). 


$ 5. The Ability of Various Age Groups 
to Assimilate Concepts 


The studies of L. S. Vygotsky, Jean Piaget, and of many 
other psychologists have shown that pre-teen-age children 
are unable to undertake conceptual thinking—they merely 
employ various intellectual formations that functionally 
substitute for concepts. 

Studies carried out by Soviet psychologists, and above 
all those that have been based on the theory of stage-by- 
stage development of mental actions of P. Ya. Galperin, 
have shown that children are able to assimilate abstract 
generalized knowledge already in the very first grades of 
primary schoo] and in mass teaching conditions (D. B. Fl- 
konin, V. V. Davydov, L. I. Aidarova, N. G. Salmina, 
V. P. Sokhina and others). 

Studies of the process of concept formation among school- 
children and the data suggesting that fundamentally new 
approaches to the formation of concepts may exist, have 
raised the question whether it is possible to develop con- 
cepts among preschool children. This was the objective of 
studies carried out jointly with Kh. M. Teplenkaya, G. P. Ba- 
rayeva, and J. U. Lopez. Because the most comprehen- 
sive view of the formation of concepts under conditions of 
an unorganized assimilation of corresponding actions has 
been given by L. S. Vygotsky we have chosen to trace the 
process of assimilation under conditions of controlled teach- 
ing on the basis of the same material, namely, the four 
artificial concepts (bat, dek, rots, mup) so that the type 
of teaching would he the only new factor. The age of the 
children ranged from five to seven years. 

Tn order to establish the level and course of the develop- 
ment of concepts in accordance with the methodology of 
T.. S. Vygotsky and L. S. Sakharov among contemporary 
children we repeated in the studies of Kh. M. Teplenkaya 
LL. S. Vygotsky’s experiments with a group of 411 children 
whose age ranged from five and a half years to six and a 
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half years. The findings matched fully those of Vygotsky 
(25). Children displayed only pre-conceptual forms of think- 
ing. Nearly all forms of complex thinking were observed 
(the second phase of concept development according to Vy- 
gotsky): the associative form, the chain form, and the dif- 
fuse form, as well as pseudo-concepts. The phase of poten- 
tial concepts (third phase) was also observed. 

It was also established that the actual sequence of forms 
replacing each other in the course of concept development 
differed from the (logical) sequence described by Vygot- 
sky.' The transitions that were observed were very com- 
plex and diverse. Eventually all children arrived at a cor- 
rect solution of problems, but they never arrived at a so- 
lution through a conceptual identification of experimental 
figures. Essential attributes that they found in the process 
of practical action remained outside their conscious aware- 
ness and were not distinguished from other object proper- 
ties. Their actual orientation related not only to those at- 
tributes that were identified as essential (the area of the 
base of the figures and their height) but often to colour 
and form as these related to the specific objects that were 
observed in experiments. 

This confirmed once more that an unorganized practical 
adaptation to existing conditions through the method of 
“trial and error” that eventually leads to a correct outcome 
does not make it possible to become consciously aware of 
either the relevant conditions or the appropriate method of 
action. Vygotsky’s and Sakharov’s methodology yielded the 
same results for children in the 1960s as had been found 
earlier for children in the 1930s. 

In teaching a second group of students (48 children rang- 
ing from six to seven years) all conditions required for 
regulation of the process of concept assimilation were pre- 
sent. 

Without describing the methodology let us merely note 
that above all we did not require the children to identify 
distinctive attributes.? That had played a central role in 
Vygotsky’s studies. Moreover, the attributes were not 


' L. S. Vygotsky himself noted in his writings that the actual 
course of a process may not correspond to the logical course that 
he described. 

2 That methodology is described in an article by Kh. M. Teplen- 
kaya (176). 
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merely communicated to children but were included into the 
vrienting basis of the action of associating an object with 
a concept that served as a means for developing these con- 
cepts. Lie Tundamental difference between our methodology 
and that of Vygotsky concerned the fact that from the very 
first we identified not only attributes but also the method 
of acting in relation to them. 

Since we were studying processes of regulated concept 
formation we could not, of course, adopt the approach of 
Vygotsky and Sakharov. But we followed a course that was 
identified by Vygotsky’s theoretical studies. We based our- 
selves on his proposition that any higher psychic function 
is at first an interpsychic collective and social activity and 
only later becomes an individual mental activity. We ana- 
lyzed first the content of the action required for solving 
problems on identification. As has already been noted the 
basic operations constituting that action are the following: 
a) an identification of cognition attributes; b) establishing 
their presence (or absence) in each indicated object; c) a 
mental inference whether an object does or does not belong 
to a given class of objects in accordance with a_ logical 
rule of associating an object with a concept. An incorrect 
execution of any of these operations leads to an erroneous 
solution of the problem. Each of these operations, except 
for the first one, was then presented to the children in a 
material (or else materialized) form, and was assimilated 
by them under conditions of joint activities with adults. 
As it transformed itself from stage to stage the operation 
became an internal method of thinking. 

The first operation, namely, the identification of the ini- 
tial system of cognition attributes, may not be presented 
to children and elaborated by them in a goal-oriented man- 
ner in the same way as the other components that have 
been mentioned. The child finds an existing system of con- 
cepts in socicty. Each of them is a generalized abstract image 
of reality. But that image is one-sided and characterizes 
reality only from some particular point of view. Since real- 
ity possesses an infinite number of diverse aspects a very 
large set of different concepts may relate to a particular set 
of objects. In initiating the development of a particular 
concept we cannot indicate to the child a method that will 
make it possible for him to identify by himself the system 
of essential attributes that were included in that concept 
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in the process of science’s development. Such a method is 
hardly possible. The task of education as a specilically so- 
cial process lies not in forcing children to discover anew 
a long-known system of attributes, but in employing it as 
a standard to “copy” a specific image from objects, and to 
see these objects precisely from the point of view that is 
consolidated within a given concept. 

Accordingly, we did not require the children to identify 
the attributes that are hidden in each of the four experimen- 
tal concepts, but communicated these attributes to them 
from the very first and taught them to search for them in 
real objects and to view these objects from the point of 
view of these attributes. As a result of a comprehensive 
elaboration of actions, of representing all their structural 
elements in a material (or else materialized) form, of im- 
plementing an operation-by-operation control over the exe- 
cution of actions, and of implementing all other conditions 
providing for a regulation of the process of assimilation, all 
children oriented themselves on the particular system of 
attributes that was identified as essential (in the given 
case these were merely cognition attributes). The learning 
process required 11 to 16 sessions of 20-25 minutes each. 
Of 1,280 problems assigned to students in the process of 
learning, 1,253 (98 per cent) were solved correctly. As in 
the case of schoolchildren the errors were of an acciden- 
tal nature, and were usually made at the external verbal 
and mental stages. All of them were corrected by the chil- 
dren themselves. We did not observe the stages of devel- 
opment of concepts indicated by Vygotsky. 

In order to establish the quality of the actions and as- 
sociated concepts that were developed check tests were gi- 
ven following the assimilation of the entire system of con- 
cepts. Their findings were described in Paragraph 4 of the 
present chapter in connection with the characterization of 
the element of generalization. As we have seen the children 
were successful in carrying out both the assignments that 
called for an application of the given concepts in new sit- 
uations and assignments on the transfer of developed ac- 
tions to new concepts. The experiments indicated that chil- 
dren are easily freed from an orientation on colour and form 
and can orient themselves on those attributes that are iden- 
tified as essential without narrowing or widening the scope 
of the corresponding concepts. 
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In some of the check tests one of tho essential attributes 
was deliberately omitted, aud nonessential attributes (col- 
our, form) were cmphasized. When children would ask for 
a second attribute they were advised to dispense with it 
(‘Perhaps you will be able to say whether this is a ‘dek’ 
wilhoul that allribule’). Lu these cases the children re- 
sponded rationally, indicating correctly that they could not 
provide an answer (“If it is high it will be a ‘dek’ and if 
it is low it will be a ‘bat’”’). When the teacher gave a 
problem in which not a single essential attribule was spe- 
cilied children would state that it was not possible to solve 
that problem (‘‘In such a case | cannot tell, it may be more 
than one”). 

Unlike in the case of students taught in accordance with 
the methodology of Vygotsky and Sakharov these students 
not only omitted the nonessential attributes from the con- 
cept’s content but often did not even notice them. Follow- 
ing the development of each concept the teacher would ask 
such questions as: “How will you tell your parents at home 
which of these toys were ‘bat’ (‘dek’, etc.)?” In answering 
the children indicated only essential attributes. These ques- 
tions were also asked as follows: ‘Can you say anything 
about this toy if you know that it is ‘bat’ (‘dek’, etc.)?” In 
such cases the children named only essential allributes and 
usually added that all other attributes may vary but one 
cannot say anything definite about them. These questions 
are also of interest because they require that the childron 
carry out not merely actions of associating an object with 
a concept (moving from attributes to concepts) but the re- 
verse action, namely, the action of inference (moving from 
the fact of the belongingness of an object to a given class 
to object attributes) which had not been developed. Never- 
theless, in carrying out that action as well they relied only 
on the systein of essential attributes. ‘he fact that the chil- 
dren did not take nonessential attributes into account is 
indicated by the following: in repeating at the external verb- 
al stage of action the conditions of the problem, they of- 
ten named only essential attributes or else when they men- 
tioned nonessential ones confused them with others. This 
indicates once more that only those aspects are reflected 
with which the subject interacts and which appear to him 
as the object of his own actions. 

The process of concept development proceeded without 
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difficulties. In developing the first concept the toacher’s 
request that each operation bo carried out in a particu- 
lar soquence sometimes caused resistance. Gradually this 
became a customary modo of action that they employed 
easily and with pleasure. From oan external “imposed” 
method, the action of associating an object with a 
concept was transformed into an internal mental proce- 
dure. 

Since tho logical part of that action was assimilated in 
a generalized form from the very first and remained the 
same in work with all concepts, the process of assimilation 
became more rapid as children moved from one concept to 
another. ‘Transfers from one concept to another also look 
place in relation to the specific component of actions since 
for all four concepts the cognition attributes were associal- 
ed with the area of the base and the height. Differences in 
attributes related only to their quantilative characteristics 
(zreator than, equal to, or loess than the reference stand- 
ard). In developing the last concopt the children them- 
selves pointed to its set of attributes. 

One could also observe a reduction of actions which is 
usual in such cases. At the oxtornal verbal stage this was 
exprossed in tho fact that the children omitted one of the 
postulates in carrying out a logical inforence in associating 
an object with a particular class: thoy merely kopt it in 
mind without naming it. 

As the children moved from one concept to another they 
became increasingly self-confident in their reasoning. This 
was particularly ovident in situations in which they were 
provoked to arguo with their teacher and dofended the cor- 
rectness of thoir own position with conviction. This also 
confirms the element of conscious awarcness in thoir assim- 
lation of desired concepts and actions. The — stability 
of newly formed concepts was ostablished through chock 
tests on the classification of animals. It has already boon 
mentioned that unlike the childron from the first group, 
these children relied on tho logical procedure that thoy had 
assimilatod rathor than on thoir “worldly” experionce. In 
such a context their “worldly” conceptions of fish and birds 
could be seen to undorgo transformation, and with the help 
of that procedure were raisod to a new Ievoel. The children 
did not express any doubt on findings obtained with the 
help of assimilated means in cases in which tho latter con- 
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(radicted their initial conceptions. On the contrary, they un- 
derstood the erroncousness of their earlier conceptions (“It 
turns out that a whale is not a fish and I had thought 
that it was.’ If the teacher then said: “But it lives in the 
sea like a fish”, this did not confuse the child: “It does not 
matter that il lives in the sea. It feeds its cubs with milk 
and that means that it is a mammal.) Having experienced 
such a transformation a “worldly” concept began to sub- 
sequently function in such a new meaning. 

Thus, this study demonstrated that six- and seven-year- 
old children assimilate effectively the logical procedure of 
identifying objects, and on that basis the concepts corres- 
ponding to these objects as well. This study also establish- 
ed that the logical procedure employed in analyzing objects 
is developed more easily in conditions that exclude the pos- 
sibility of identifying objects through a reliance on sensory 
images. It was reaffirmed by a comparison of the course 
and outcome of learning activities of the two sub-groups 
into which the students of the group were divided at the 
stage of material action. In the first sub-group (A) the 
figures that were identified were not removed but were 
grouped in terms of concepts and could always be seen by 
the students. Having been given a new figure a child could 
identify it not only by carrying out the indicated operations 
but also through a visual comparison with the figures of 
the corresponding class. In a second sub-group (B) visual 
comparisons were excluded: each identified figure was re- 
moved and students would always see only the particular 
figure that they were asked to identify. The experiments 
have shown that the process of development of actions and 
concepts in sub-group (B) occurred more slowly than in 
sub-group (A) but on the other hand the logical procedure 
for classifying objects was assimilated more clearly and 
more consciously in sub-group (B). This led to fewer errors 
and made solutions of problems in the check tests more 
rapid and more confident. Accordingly, the visual image 
that developed in parallel with the concept and which cor- 
responded to the same content facilitated an orientation on 
objects in the course of learning. In new conditions, how- 
ever, in which orientation on a visual image deviated with 
an orientation on concepts, this served as a perturbance that 
partly inhibited a transfer of the logical procedure of ac- 
tion to new conditions. 
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The ability of children aged six-seven years to develop 
concepts was again confirmed by J. Lopez (92) who em- 
ployed the same methodology as Teplenkaya and applied 
it to 100 children in Cuba. The methodology differed only 
in that in the teaching series of experiments the nonessen- 
tial object attributes (colour, form) were constant. 

The experiments carried out by Teplenkaya were also 
repeated in every respect with regard to a group of 20 chil- 
dren, whose age ranged from four years eight months to 
five years three months. This was carried out by G. P. Ba- 
rayeva (6). The objective was to explore the possibility 
that conceptual methods of action could develop among 
even younger children. 

No substantial differences emerged in the course of teach- 
ing these children and children aged six or seven years. 
At the same time a number of specific features were observed 
in the case of the five-year-old children: their learning 
process required somewhat more time and the reduction in 
the action of associating an object with a concept proceeded 
more slowly; in addition, they made errors more frequently. 
In developing the first concept the five-year-old children 
did not accept immediately the dimensions of the figures 
as the only important attributes. At first they attached im- 
portance to the shape and especially to the colour of the 
figures. They named these attributes together with the es- 
sential ones. But already after four-five assignments they 
named only essential attributes. Finally, their wish to play 
with these figures was more pronounced. 

Altogether the children in that group carried out 1,708 
problems and gave 1,634 correct solutions (96 per cent). 
In carrying out the check tests on the classification of ani- 
mals 80 per cent of the children immediately asked that 
the relevant attributes be indicated and on that basis clas- 
sified the animals correctly. Twenty per cent of them did 
not ask for a specification of the attributes. Naturally, in 
seeking to classify animals visually they made errors. With 
the teacher’s help these children became aware of the need 
to know the attributes of animals, and these were given to 
them. Subsequently, they carried out their classification 
correctly. 

It is important to note that while in the initial stages 
of the learning process the perceptual image of objects in- 
terfered with the children’s attempts to rely on logical 
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means of object classification and led them to seek to orient 
themselves on the basis of external impressions. In the 
check tests this was no longer true: the logical procedure 
of associating an object with a concept was assimilated by 
the children and the vivid external appearance of objects 
no longer interfered with their activities, which led them 
to correct answers. 

Subsequently, N. V. Yelfimova carried out experiments 
among six-year-old mentally-retarded children. Concepts 
were developed not one after another but as a system, that 
is, all four concepts were introduced simultaneously, and 
the methodology employed by Lopez was employed. These 
experiments demonstrated that these children, too, could 
develop a comprehensive generalization and carry the ac- 
tion of identification to the mental form. The course that 
had to be followed however was substantially different: it 
required more time and the creation of special conditions 
for sustaining the motivation that induced children to carry 
out the required action, as well as prolonged periods for 
carrying out individual components of the action involv- 
ing both the child and the teacher. 

The analysis of the process through which logical actions 
and concepts develop and the identification of its specific 
features require further studies with children of that age. 
Nevertheless, existing findings provide grounds for stating 
that the assimilation of logical methods of thinking is ac- 
cessible to preschool children. This is also confirmed by 
the experiments of L. F. Obukhova (111; 113). 

A comparison of the findings produced by our own method- 
ology with that produced by the methodology of Vygotsky 
and Sakharov shows that the decisive factor determining 
the very great differences in outcomes is neither the chil- 
dren’s age nor the nature of the concepts being formed 
(natural or artificial), but rather the manner in which they 


were formed. 
* & * 


The experimental data that we have presented show that 
we are indeed considering a fundamentally new approach 
both to the development and to the study of concepts. 

The organization of conditions needed to regulate the 
process of assimilation made it possible for that process to 
proceed without substantial deviations and to produce men- 
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tal actions that were rational, conscious, generalized, exe- 
cuted with confidence, and stable. This is true, moreover, 
not only of school-age children but of preschool children 
as well. These qualities make it possible to apply the ac- 
tions that were assimilated not only in the situations within 
which they were developed but in new situations as well, 
that may be significantly more complex. The actions ap- 
peared to be transferable to a wide range of other concepts. 
This facilitates substantially the development of later con- 
cepts, both in the given area and in other areas, which in 
principle may be far removed in terms of their content. 

This is precisely the typo of process of assimilation that 
should be typical in the development of scientific concepts. 
Unlike in the assimilation of “worldly” concepts it may be 
regulated ‘and is scientifically organized. The principles gov- 
erning that process and the features characterizing it aro 
those of the specifically social human procedure for assimi- 
lating experience. The process of assimilation appears as an 
ongoing transformation of actions while concepts appear as 
outcomes of that process that are intimately associated with 
the actions that serve to develop them. 

The main feature of such an approach lies in that tho 
teacher is able to follow the cognitive aclivity of students 
that leads to the development of concepts: the study of tho 
specific features of that activity constitutes the psycholog- 
ical aspect of studies of the process of concept develop- 
ment, while a goal-oriented conscious utilization of theso 
principles serves as an effective means of regulation of the 
process of knowledge assimilation. 

In concluding the analysis of the studies that we have 
carried out the following should be noted. 

In the studies that were considered the process of assim- 
ilation was traced only with regard to the properties noted 
in the definitions (descriptions). This refers to the begin- 
ning of the development of scientific concepts which be- 
come full-bodied only after they acquire a number of other 
object characteristics and after they find thoir position with- 
in the hierarchical system of concepts corresponding to the 
given science. 

The further development of concepts requires that new 
actions be introduced, both logical and. specific, in partic- 
ular such actions as the inference from the fact of an ob- 
ject belonging to a particular class and comparisons of 
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concepts. Studies have shown that the development of these 
actions generally proceeds in the same way (18; 17). The 
assimilation by students of new cognitive actions associat- 
ed with objects of the given class implies a simultaneous 
further development of concepts relating to these objects 
that they have already assimilated. In particular, the de- 
velopment of actions identifying relations among individual 
concepts are especially important (joint subordination, ge- 
netic and species relations, etc.), which lend a systemic 
nature to the process of concept assimilation. 

In order that from the very first concepts be developed 
not as an isolated instance of knowledge but as a struc- 
tural element of a science it is very important to introduce 
concepts not one after another but in the context of a sys- 
tem. Studies carried out by L. A. Semenyunk (156), 
N. N. Nechayev (108) and L. F. Yermakova (60) have 
shown that in such cases it is desirable to rely on actions of 
identification and of classification. 

Naturally, it is important to consider how widely the 
procedure for developing concepts that has been described 
may be applied. It may be applied in all those cases in 
which concept attributes are clearly identified and by their 
content are easily accessible to the student as an orienting 
basis for corresponding actions. In cases in which even one 
of these conditions cannot be met concepts cannot be de- 
veloped with the help of this method. In cases in which 
scientific concepts are still not sufficiently clarified it is diffi- 
cult to obtain the generally conceptual level of assimilation. 
In such cases assimilation will apparently remain at the 
level of a general representation. But in such cases as well 
assimilation can proceed only through a system of actions 
directed at the phenomena (objects) to be assimilated. But 
the orienting basis for these actions will be incomplete and 
not generalized and the development of the corresponding 
knowledge will largely proceed through a search for an 
orientation of a correct outcome from corresponding ac- 
tions. 

In those cases in which a scientific concept possesses a 
clear system of attributes but they are not accessible to 
students it is also impossible to rely on the actions of as- 
sociating an object with a concept. In such cases, however, 
other systems of actions may be found that are adequate 
to the nature of that concept. Thus in the studies carried 
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out under the guidance of Galperin (55; 43; 44; 149; 161), 
in developing the concept of numbers a measuring action 
was employed that led children to a correct understanding 
of numbers as a relation between the magnitude being mea- 
sured to a unit of measurement. In such cases, however, the 
content of such concepts remains inaccessible to conscious 
awareness, and while the child acts rationally and orients 
himself correctly with regard to the counting system with 
the help of the concept he assimilated, he is not consciously 
aware of that concept’s attributes and is unable to employ 
them with confidence in his own activities. 

Since in the overwhelming majority of scientific concepts 
to be assimilated attributes are identified it is our view that 
the method of controlling the process of concept develop- 
ment that we have examined may be employed relatively 
widely. 

Since the process of teaching is associated not only with 
the development of individual actions and concepts asso- 
ciated with them but also with the development of com- 
plex types of cognitive activities let us examine some prob- 
lems relating to the programming of thinking procedures 
and to the control of their assimilation with the help of 
the theory that has been presented. 


Chapter Four 


PROCEDURES OF COGNITIVE 
ACTIVITY DEVELOPMENT 


Usually in the process of solving problems individuals 
make use not of individual actions but systems of actions. 
Such a set of actions leading to the solution of problems 
of a particular class is usually called procedures or methods 
of solution. Since we are interested in the solution of prob- 
lems from the point of view of the cognitive activities car- 
ried out by individuals we will call such a set of actions 
a procedure (or method) of cognitive activity. 

The problem of thinking procedures and of methods for 
solving problems has long attracted the attention of psychol- 
ogists and specialists in methodology. In particular, a large 
number of studies in that area have been carried out 
in relation to acquiring knowledge in mathematics. Such 
studies are concerned with the role of knowledge and of 
certain other factors contributing to the development of 
thinking procedures. They also identify individual charac- 
teristics of procedures, and claborate rules and instructions 
that are intended to help students to “activate” the appro- 
priate procedure. 

One group of researchers takes the view that if students 
do not possess the required methods of thinking this is due 
to a poor assimilation of knowledge (see, for example, stu- 
dies by Zykova [66]). 

Other studics are concerned with identifying the condi- 
tions whose presence in the learning process contributes to 
the development among students of corresponding proce- 
dures. Examples are provided by the studies of E. N. Kaha- 
nova-Meller (71; 72) in which these conditions have been 
analyzed comprehensively. Without denying the significance 
of such studies it is important to note that the corres- 
ponding procedures and their structure and content remain 
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poorly understood, and that the process on which = their 
development is based remains hidden. 

A number of studies havo identified individual charac- 
teristics of the corresponding procedures and have shown 
the need for following the logie of their dovelopment. Thus 
in the study of F. N. Gonobolin (54), based on data con- 
cerning geometric forms of proofs, it was shown that at first 
the process of reasoning among students must bo carried 
out in an extensive form and should be reduced only grad- 
ually. A large number of studies aro concerned with tho 
formulation of rules and instructions that are intended to 
direct students to the corresponding procedures and to guido 
their thinking in the required direction. A characteris- 
tic feature of these studies is that they do not analyzo tho 
procedure itself as an activily, and the problem of devel- 
oping it as an activily possessing a certain content and 
certain qualities is not formulated. It is implicitly assumed 
in these studies that the students are able to carry out the 
required activities. It is assumed that thinking as a certain 
abstract, function already exists and that the problem is 
merely to cause it to operate in a specified direction. Among 
these studies the works of G. Polya (280) aro most widely 
known. 

A fundamentally different and still not vory numerous 
group of scholars recognize not only the noed for develop- 
ing generalized procedures of intellectual activity but also 
address themselves to the problem of idontifying relevant 
components of that activity. This refers above all to studies 
carried out by the school of P. Ya. Galperin. They are con- 
cerned with the design of constructive models of the cor- 
responding activities. 

While the importance of modelling the activities to bo 
programmed should be emphasized, it is also important to 
note that the effectiveness of a model will depend on the 
comprchonsivenoess of the structural and functional clemonts 
that it contains, and above all of the orienting basis of ac- 
tion. 

Usually specific procedures for solving problems are mod- 
elled in the literature on methodology. Tt is also impor- 
tant to recognize that in these procedures only the execu- 
tive parts of actions are noted, and as a result studonts 
frequently do not know why they should act in a particular 
way rather than in another. In teaching chess, for oxam- 
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ple, recommended procedures indicate which move should 
be selected in response to a particular move by the oppoun- 
ent, but neither the meaning of that move is explained, nor are 
the general principles that should guide the player in se- 
leclting a particular move. In such a situation the student 
can merely memorize mechanically the sequence of moves 
that bring him to his objective in accordance with a logic 
that remains hidden to him. 

Identical activity procedures are frequent in mathematics 
as well. They are used especially widely in relation to geo- 
metric transformations and the solution of problems on the 
construction of figures. For example, a student is given a 
specific procedure for dividing a segment into two equal 
halves. The following operations are indicated: a) open the 
compasses to a radius larger than one half of the segment; 
b) place the leg of the compasses at the initial point of 
the segment: c) draw a mark above and below the seg- 
ment (or else draw an arc); d) place the leg of the 
compasses at the terminal point of the segment and draw 
similar marks; e) connect the points of intersections of the 
marks with a straight line; the intersection of that straight 
line with the segment will be the mid point of the latter. 
Subsequently it is proved that the segments are indeed 
equal. Yet the entire process of dividing the segment into 
two parts is a purely mechanical procedure. The student 
does not understand why he should proceed precisely that 
way rather than another. Naturally such a procedure does 
not teach him to think and it may only be memorized. In 
fact the authors of such texts usually themselves recom- 
mend that the corresponding procedures be memorized (in 
order that they be “known”). 

Studies carried out on the basis of the theory of the stage- 
by-stage development of mental actions have shown con- 
vincingly that efforts should be directed at the modelling 
of general procedures of cognitive activities developed with 
the help of the orienting basis of the third (systems-orient- 
ed) type, or else of the fourth type. 

Three fundamentally different approaches may be dis- 
tinguished in the organization of the process of development 
of procedures of cognitive activity. 

Under the first, which is used most widely, thinking pro- 
cedures do not appear as special objects of assimilation, and 
their development takes place only in the course of solv- 
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ing problems in relation to which they appear as means 
and do not become objects of conscious awareness. As a 
result, the process of development of procedures of cogni- 
tive activities is prolonged and does not always lead to the 
desired results. In those cases, however, in which the re- 
quired procedures are developed, the extent to which they 
are consciously recognized is as a rule insufficient, and 
they remain insufficiently generalized. As a result, their 
application is limited to the specific conditions under which 
they were assimilated. 

Under a second approach procedures of cognitive activi- 
ties are viewed as objects of special assimilation and as 
objects of regulation by the teacher. Persons who support 
such an approach, including ourselves, base themselves on 
their view that thinking is an activity encompassing differ- 
ent types of thinking that develop in the course of solving 
corresponding problems and that become mental as a result 
of passing through a number of stages that progressively 
replace each other. Thinking is thus not viewed as some 
already existing form of function that is applied, for exam- 
ple, to the solving of arithmetic problems, in carrying out 
geometric proofs. 

We also share the view that in the process of teaching 
these procedures must first appear as objects of special as- 
similation in order that later they may be suitable for con- 
scious and autonomous applications under new conditions. 
Finally, whenever this is possible general procedures of 
cognitive activities should be developed. 


§ 1. Methods Employed in Modelling 
Cognitive Activity Procedures 


In applying such an approach to the development of cog- 
nitive activity procedures the first problem concerns the 
modelling of programmed procedures: the identification of 
component actions and relations among them and the con- 
struction on that basis of a general set of instructions pro- 
viding for the application of a given procedure to the so- 
lution of problems of the corresponding class. This objec- 
tive may be attained in several different ways. 


1. The Theoretical-Experimental 
Method 


In the case of a theoretical-experimental method the mod- 
elling of the required cognitive activities procedure begins 
with the design of a preliminary model based on a theoret- 
ical analysis of the solutions of all problems of a given 
class and on an analysis of the difficulties that were expe- 
rienced by students in practice. 

Thus, in a joint study with G. A. Butkin (17) of the 
development of the general procedure of presenting proofs, 
the first component of that procedure, namely, the action 
of associating an object with a concept, was identified in 
a theoretical manner.'! In analyzing geometrical theories 
and problems on proofs it may easily be seen that in geo- 
metry a large part of the theorems (problems) are concerned 
with demonstrating the presence or absence in the theo- 
rem (problem) conditions of a geometric figure belonging 
to the concept to which the conclusion refers. To prove 
means to establish whether the object given in the condi- 
tions of the theorem (problem) possesses the necessary and 
sufficient attributes of the concept specified in the conclu- 
sion. For example, to show that segments are equal means 
to associate with the concept “equal segments”; and to 
show that straight lines are parallel means to associate 
with the concept “parallel straight lines”. It was therefore 
necessary to model that action. It shows the final objective 
(to associate with a concept) and the means for achieving 
it (to establish the presence among the given objects of one 
of the systems of necessary and sufficient attributes of that 
concept). 

The need for a second action, namely, the selection of one 
of the equivalent systems of attributes sufficient for asso- 
ciating the object specified in conditions with the concept 
specified in the theorem’s conclusion, was also identified 
theoretically. For example, in order to relate angles to the 


' A number of actions relating to that procedure were identificd 
in a general form by L. N. Landa (80). This work was continued 
in our own study which was concerned with a) modelling actions 
identified by Landa in a general form; b) identifying those actions 
that were not yet identified in that procedure; c) combining of 
actions into a general procedure as a form of activity; and d) devel- 
oping a methodology of stage-by-stage formation of the general 
proof procedure. This Jast problem was the principal one. 
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class of equal angles it is possible to achieve this by estab- 
lishing the equality of each of them to a third angle; but 
this may also be achieved by showing that each of them 
is composed of equal parts, etc. 

The importance of that factor was shown by Landa (80). 
Our own problem was to establish how students may be 
taught to select one of the systems of attributes correctly. 

The second stage refers to an experimental verification 
of the resulting model. The students who are selected for 
that purpose are either not familiar with the class of prob- 
lems that will be solved with the help of the procedure to 
be studied, or else are familiar with the problems but do 
not know how to solve them. In the presence of all required 
regulation conditions these students develop the type 
of abilities that are identified in a preliminary analysis. 

Observations of the way in which problems are solved 
in the course of instruction, and an analysis of the errors 
that were made as well as the results of check tests 
directed at verifying a diversity of qualities of the proce- 
dure that was developed make it possible to establish wheth- 
er all components of the corresponding ability are iden- 
tified and whether the sequence in which they were studied 
is correct. If it emerges that the preliminary model was 
incomplete (or incorrect) then a further development of 
that model occurs on the basis of an analysis of the results 
obtained. Thus, in the case of modelling the general pro- 
cedure for proofs it became evident after the development 
of the action of associating an object with the concept that 
theorems and problems on proofs in which the identifi- 
cation of desired attributes required more than two logical 
inferences produced difficulties among students. This in- 
dicated that the action concerned with the identification of 
implicitly specified attributes should be subjected to special 
development. We call that action the elaboration of con- 
ditions in extensive form. 

The third stage in working with the model thus refers 
to its further development on the basis of experimental 
findings. 

A fourth stage concerns an experimental verification of 
the newly elaborated model. If it is found that activities 
that are developed in accordance with the model meet the 
specifications of the given class of problems it is then em- 
ployed within the teaching programme. If, on the other 
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hand, after an initial adjustment, the model is found to be 
inadequate, then it is developed still further on the basis 
of experimental data. In the case of modelling the general 
procedure for presenling proofs such a situation did arise: 
it was found that it is not sufficient to develop activities 
that included only the following three components: a) the 
action of associating an object with a concept; b) the ac- 
tion of selecting one of several equivalent systems of prop- 
ertics sufficient for identification (in that particular expe- 
riment this was achieved through an examination of all 
possible systems of attributes); c) the action of infe- 
rence. These components did not lead to a process for pro- 
ducing proofs that was economical, nor did they provide 
for a sufficient selectivity and goal-orientation. The in- 
ference from conditions based solely on the action of exten- 
sive elaboration led to a situation in which students iden- 
tified many unnecessary consequences that were not needed 
for the given proof. 

In order to make the process more selective and econ- 
omical it was necessary to make a process of inference of 
consequences more goal-oriented, and to teach students to 
first identify those conditions from which it is possible 
to arrive at relevant inferences for the given conditions. 
(For example, it makes sense to seek perpendiculars where 
there may be straight lines and where they may intersect 
at a right angle: equal adjacent angles, rectangles, bisec- 
trices of adjacent angles, etc.) That additional component 
was identified after an analysis of the findings of an exper- 
iment and was called by Butkin an action in defining the 
areas of search. This action precedes the action of selec- 
tion and provides a basis for it. It is also an action that 
is inverse in relation to the inference of consequences: one 
moves not from foundations to consequences but from con- 
sequences to foundations; in the given case the consequence 
is known (it is a system of necessary and sufficient prop- 
erties for the given concept) and the problem is to es- 
tablish a possible system of foundations. 

In those cases in which there are several equivalent sys- 
tems of properties sufficient for identifying the given ob- 
ject (several systems of consequences) it must be establish- 
ed for which of them causes do exist (areas of search). 
Once this is established a corresponding system of proper- 
ties is selected. 
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Thus, an ability to carry out proofs emerged as a sys- 
tem consisting of four actions, each of which possesses its 
own function and is also related to other components in 
specific ways. 

The action of associating an object with a concept plays 
a leading role within that system. The remaining three 
actions appear as necessary for carrying out that particular 
action. Indeed, the action of selection is needed in order 
to identify the particular system of attributes that will be 
sought in objects. The action of determining search areas 
makes it possible to identify that part of the conditions 
within which it is appropriate to seek for required attrib- 
utes. The action of inferring consequences leads to an iden- 
tification of attributes whose evaluation with the help of 
the action of associating an object with a concept leads 
to a conclusion concerning whether the specified object 
does belong to the concept appearing in the conclusion. 

An analysis of the relations existing between these ac- 
tions has made it possible to formulate a set of instruc- 
tions relating to their execution, i.e., to model the procedure 
of the overall activity. 

This set of instructions appears approximately as follows: 
1) indicate what it is that has to be proved; 2) name the 
attributes with the help of which this may be done; 3) take 
the first system of attributes; 4) indicate the “area of 
search” for the first of these; 5) verify whether the corre- 
sponding figures are present in the statement of the prob- 
lem’s conditions, etc. 

A specific feature of this method for modelling activity 
procedures is that it begins with an analysis of specifications 
that are objectively assigned to the human activity in the 
problem, for the sake of which that activity is developed. 
But it is also possible to proceed in a different manner. 


2, Analysis of Mastered Types 
of Activity 


That method for identifying components of the activity 
procedure that is of interest is more widely used in psycho- 
logical and pedagogical sciences than is the first one. It 
consists of the selection of a group of persons who are suc- 
cessful in solving problems of a particular class. The fact 
that they are solving them successfully is viewed as evi- 
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dence that the cognitive activities procedures applied by 
them are appropriate in relation to the specifications of the 
given class of problems. 

At first it may seem that this method is simpler and more 
reliable. But in fact this is not the case. This is because 
already developed cognitive activities exist in the form of 
mental, generalized, reduced, and automated activities. In 
such a form it is quite difficult to arrive at their true con- 
tents. As an example, let us consider the action of defining 
an area of search. At first when that action is only being 
developed the student associates very slowly the system of 
attributes that makes it possible to establish the association 
of an object with a given concept with the particular prob- 
lem conditions from which these attributes may be infer- 
red. Initially they are taught to create areas of search on 
their own by assigning problems relating to the use of in- 
termediate concepts. For example, it is asked that an angle 
be specified but in such a way that the word “angle” not 
be mentioned. In solving problems of that type students 
actually create areas of search for the corresponding con- 
cept. But after passing such an extensive form of the cor- 
responding path in both directions students eventually in- 
stantaneously actualize that system of properties that may 
be employed in given conditions, i.e., the particular system 
of properties for which there is an area of search. In this 
way only the extreme links of an action relating to the de- 
termination of areas of search remain in the consciousness 
of the students, namely, the perception of the situation and 
the recreation of a corresponding system of properties that 
appear to be directly linked. Accordingly, in our early stu- 
dies (162) we interpreted such a selectivity in thinking as 
an actualization of linkages (associations) between specific 
features of problem conditions (the type of situations that 
were specified) and the system of properties that is em- 
ployed to identify it. In that same study we found that stu- 
dents who did not possess a selective thinking and relied 
on what they could see in problem conditions seldom arrived 
at a solution, and when they did it was always acciden- 
tal: in examining all possible types of consequences they 
sometimes found those that were required. Those students, 
on the other hand, who carried out the required proofs quick- 
ly and correctly always began by defining the course that 
they would follow. For example, when it was necessary to 
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prove that two segments were equal they would say: “In 
order to prove that two segments are equal it is necessary 
to consider whether it is possible to prove the equality of 
the triangies within which these segments enter as corre- 
sponding sides’, i.e., the students immediately defined an 
area of search for the corresponding property. In some 
cases they were able to explain why they operated in this 
way while in others they could not, but in both cases their 
reliance on such a course usually led to a solution. Like 
a number of other authors we called this special knowledge 
which makes it possible to determine areas of search for 
solutions ‘operational propositions’. But in recommending 
that students be equipped to use them we did not indicate 
how this should be done, i.e., we did not identify the ac- 
tions that relate to the determination of the search area 
in their extensive form. 

The role of operational propositions in geometric proofs 
has long been noted, but all attempts to introduce them into 
practice have failed. This is explained precisely because 
they were viewed as forms of knowledge, and an inability 
to see underlying actions led to recommendations to present 
these propositions in an already formulated form and to 
assimilate them through memorization (197; 11). These 
suggestions produced justified objections ameng a number 
of specialists in methodology who were opposed to a repla- 
cement of thinking by mechanical memorization procedures 
(e.g., 107; 53). 

As a result the problem of developing so-called operation- 
al propositions remained unsolved. Our studies with But- 
kin have shown that operational propositions are reduced 
and generalized actions relating to the identification of areas 
of search in which only two links have remained conscious- 
ly perceived: the initial link and the terminal one. It is 
natural that attempts to develop that action. directly in a 
reduced form were unsuccessful. 

This does not imply that the approach calling for an 
analysis of mastered activities must be fully abandoned. A 
knowledge of the principles governing the development of 
cognitive activities sometimes makes it possible to carry 
out an action “in accordance with a formula’, to make it 
extensive and to identify its true contents. In such cases one 
may employ as an additional means an analysis of typical 
difficulties experienced by persons who are not effective in 
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the given activity. An example is provided by the compar- 
ison of the process of proof that has just been mentioned 
for two categories of students. 


§ 2. Types_of Cognitive Activity 
Procedures and Their Development 


In terms of their function it is possible to distinguish 
at least two types of general cognitive activity procedures: 
a) procedures that make it possible to carry out an indepen- 
dent analysis of all specific phenomena in a given area; 
b) procedures that make it possible to recreate a set of 
specific phenomena within a given area. The selection of a 
procedure follows from the objectives of instruction. In 
terms of their contents cognitive activity procedures may be 
divided into logical and specific ones. 

In principle, the development of cognitive activities pro- 
cedure may follow two courses: a) initially, individual ac- 
tions are developed that constitute that procedure, and then 
they are combined into an integrated activity within which 
the sequence of implementation is specified by correspond- 
ing instructions; b) from the first the procedure is devel- 
oped as an integrated whole. 

The first course is selected in those cases in which the 
procedure is complex and component actions are new. The 
second course is usually employed in cases in which ac- 
tions entering into the procedure are relatively simple or 
when most of them are not new. 

As an example of a cognitive activities procedure of the 
first type leading to an independent analysis and to a 
transformation of specific phenomena resulting from a de- 
velopment of the first type (that is in terms of compo- 
nents) we may consider the procedure for arriving at proofs 
that we have examined earlier. That procedure has made 
it possible for students to prove a large class of theorems 
independently, but it did not permit them to formulate 
new theorems. In teaching that procedure individual 
components were first considered. Each of the actions was 
first developed individually with the help of specifications 
that provided for a regulation of the assimilation of pro- 
cess. Since these actions themselves consist of an entire 
system of operations, the operation-by-operation structure 
of each action was first identified, and a sequence was es- 
tablished for carrying out operations. In addition, instruc- 
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tions were given envisaging an implementation of all types 
of operations, namely, orienting operations, executive oper- 
ations, and control operations.! Naturally, the actions were 
developed through their application to the solution of cor- 
responding problems. Thus, in developing the action of in- 
ferring consequences problems of the following type were 
assigned: “Given a triangle, what else is thereby given?” 
Following the development of all indicated actions a gen- 
eral instruction was given for applying them to proving 
theorems and problems. 

The overall procedure is programmed with the same 
qualities as the component actions. Nevertheless, another 
case is possible, in which the component actions, when de- 
veloped in isolation from each other, are carried to the lev- 
el of external verbal forms, while subsequent transforma- 
tions occur in accordance with a procedure that is then 
programmed in terms of more exacting indicators. 

It emerged that there was no fundamental difference in 
regulating the development of activity procedures by com- 
parison with regulating that of actions. Initially the pro- 
cedure is applied in a materialized (or else external verb- 
al) form, and it is then gradually fully translated to the 
mental level. Corresponding problems are then naturally 
related to an application of the overall procedure rather 
than of individual actions. Thus, in developing the proce- 
dure for proofs elementary theorems are introduced as well 
as problems on proofs. Learning begins with the first stage, 
whose objective is the same as in the development of indi- 
vidual actions but applied to the overall procedure. In par- 
ticular, students are shown how the given procedure should 
be carried out and are provided by the required explana- 
tions. 

In illustrating procedures of the second type which make 
it possible to recreate specific phenomena from a given area, 
let us consider the general procedure for carrying out ele- 
mentary geometric affine transformations. That procedure 
may also serve to illustrate the second type of the devel- 
opment of procedures, namely its application to the overall 
procedure itself. 


' For a description of the development of actions associating 
objects with concepts, see Chapter Three. The methodology for 
other actions is discussed in the dissertation of G. A. Butkin (46) 
and in the dissertation of M. B. Volovich (48). 
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In schools the study of geometrical transformations ex- 
tends over several years; each type included in the pro- 
gramme is studied individually with the help of a partic- 
ular method that makes it possible to arrive only at the 
given type of transformations and frequently in a purely 
mechanical way, since in the procedures given to students 
only the executive parts of actions are shown. The condi- 
tions that indicate the nature of the given geometric trans- 
formations and make it possible to understand the logic of 
executive operations remain unknown. Here, for example, 
is the manner in which it is proposed to carry out a sym- 
metric transformation of a segment in relation to an axis: 
1) at each end of the given segment draw lines that are 
perpendicular to the symmetry axis; 2) extend these straight 
lines beyond the axis and on these extensions mark 
segments that are equal to the distances from the end of 
the given segment to the symmetry axis; c) connect the 
points of the resulting segments. We decided to verify the 
rationality of the actions being carried out by the students. 
More specifically we asked the following questions of 
sixth-, seventh-, and eighth-grade students showing good 
performances: 1) Why should straight lines be drawn from 
the end points of the segment? 2) Why should they be per- 
pendicular to the symmetry axis? 3) Why is it necessary to 
draw a perpendicular towards the axis of symmetry? Cor- 
rect answers to these questions were rare not only among 
students but also among teachers of mathematics, and even 
among certain specialists in methodology. Since the ac- 
tions being carried out by students in effecting geometric 
transformations possessed neither the needed measure of 
rationality nor the necessary element of conscious aware- 
ness, it is natural that the study of geometric transforma- 
tions produces considerable difficulties, does not arouse in- 
terest among students, and does not contribute to the de- 
velopment of modern geometric thinking. 

In view of our appreciation of the decisive importance 
of an orienting basis of action and of our knowledge of the 
effect that can be obtained by constructing an orienting ba- 
sis of action of the third type we sought to apply that method. 
Together with I. A. Volodarskaya (20) we carried out a 
corresponding experiment. First, it was necessary to iden- 
tify the system’s invariant underlying all transformations 
of the given type. An analysis was carried out of such spe- 
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cific affine transformations as movement (rotation around 
a point, central symmetry, rotation around an axis, axis 
symmetry, parallel shifts); homothety and _ similarity 
(which reduces to homothety and movement). This indi- 
cated that the following properties are characteristic of all 
these transformations: a) their orientation on points, i.e., 
all transformations translate a point into a point—to each 
point A of a plane corresponds a specific point A’ into 
which A is transformed; b) reciprocal uniqueness, i.e., all 
transformations translate each point into one and only one 
point and two distinct points are translated into two dis- 
tinct points; c) in all transformations there exists a rigor- 
ously defined ratio of distances between any two points in 
the initial object and the corresponding points in the final 
object: it is always equal to a specific coefficient K. For 
all transformations of movement K = 1, in cases of ho- 
mothety and similarity K + 1. Moreover, the process as- 
sociated with all these transformations includes the same 
components. 

1. The initial object of transformation, namely that 
which is to be transformed; the initial object may be any 
geometric figure. 

2. The object in relation to which the transformation is 
carried out; this may be a point, a straight line or a plane. 

3. In order to effect any of these transformations it is nec- 
essary to carry out one of two actions: a) to turn the ini- 
tial object around a point (axis, plane); b) to shift it to 
a particular vector—or else to carry out both these actions 
one after another. 

4. The final object of transformation. 

The specific features of transformation also determine 
the components of the procedure employed to carry out all 
indicated types of transformations. This includes the fol- 
lowing components. 

1. An analysis of the initial object of transformation in 
order to identify so-called determining points (a finite num- 
ber of points that make it possible to recreate the given 
object). 

2. The specification of the object in relation to which 
the transformation is effected. 

3. The selection of the action that will carry out the 
transformation: rotation (around a point, axis or plane) or 
shift to a vector. 
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4. The execution of the selected action. 

5. An analysis of the final object. 

In addition, a general set of instructions was prepared 
for the transformations to be carried out and specific in- 
structions for each of the specified components. 

The general set of instructions included the following. 

1. Specify the initial object of transformation. 

2. Specify the object in relation to which the transfor- 
mation is to be carried out. 

3. Identify the determining points for the initial object. 

4. Specify the actions with the help of which it is pos- 
sible to effect the transformation. 

D. Select the action that is needed for solving the given 
problem. 

6. Carry out the selected action (the corresponding in- 
structions were given at this point). 

7. Specify the final object of the transformation. 

8. Compare the initial and final objects. 

In order to facilitate the use of the general instructions 
a special table was constructed in which the students re- 
corded the results of each of the indicated actions as ap- 
plied to the conditions of their corresponding problem. At 
the material stage this table indicated the name of each 
component but at subsequent stages the table gradually 
became “silent”. The executive part of the actions entering 
into the procedure remained materialized and only the 
orienting basis of action experienced changes in form. 

The group to which the tests were applied consisted of 
50 weak and average seventh-grade students. 

After the development of the preliminary system of ac- 
tions and knowledge students initiated a stage-by-stage as- 
similation of the indicated general procedure. At the stage 
of the development of materialized actions students worked 
with models that made it possible to materialize the en- 
tire process of transformation and to show its logic. The 
assignments related to applications of the overall activities 
procedure. Here is one of the problems: “A triangle ABC 
is given together with a point O lying outside the triangle. 
What will be the position of this triangle after it has been 
rotated around point O through an angle of forty degrees?” 
After receiving a set of required models and a set of in- 
structions concerning the execution of the transformation 
students carried out and recorded in a table the specific 
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conditions and actions associated with the given transfor- 
mation. For example, in the column described as “Initial 
object of transformation” they wrote: “the triangle ABC”; 
in the column “Number of determining points of the initial 
object of transformation” they wrote: “three points, the 
vertices A, B, C”; and in the column ‘Selected action” 
they wrote: “rotation around a point”. 

In carrying out a transformation the students were able 
to see the general nature of the components. At the same 
time as they varied each of these components they arrived 
at the diversity of specific types of transformation. Natur- 
ally, they viewed such types of transformation as rotations 
around a point and central symmetry not as two different 
types of transformation but as a common type, differing 
from each other only in terms of the angle of rotation; 
similarly, they viewed axis symmetry and central symmet- 
ry as differing only with regard to the object in relation to 
which the transformation was carried out; in the first case 
it is a straight line while in the second it is a point, 
etc. 

Such a procedure for action clearly differs from the pro- 
cedure relating to proofs in that it makes it possible for 
the student to produce himself all specific phenomena in 
the given area. 

Another difference between the procedure of proofs and 
that of geometric transformations lies in the fact that the 
first of these is a logical one and as a result may be ap- 
plied in all areas within which such a type of proof ap- 
plies, while the procedure that has just been considered is 
a specific one, which may be applied only to a given field 
of knowledge. 

Indeed, the procedure relating to proofs may be effective- 
ly applied to other branches of geometry and other fields 
of knowledge. The scope of the transferability of that pro- 
cedure was tested by assigning theorems on parallel lines. 
First, the concept of parallel lines and of attributes of par- 
allel lines were developed. Then several theorems were 
given. The students were able to transfer the assimilated 
procedure to the new material and to prove without help 
such theorems as the equality of acute (and obtuse) angles 
with corresponding parallel sides; the parallel character of 
bisectrices of two acute angles with corresponding parallel 
sides, etc. 
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Tt is true that such a procedure may be emploved only 
in those cases when proofs of the corresponding type are 
relevant, which call for associating an object specified in 
problem conditions with a concept indicated in the con- 
clusion, and which are carried out through an inference of 
the concept attributes from given conditions. (In those 
cases in which the proof is based on the method of dem- 
onstrating the impossibility of a proposed conclusion that 
procedure is not applicable, even though there, too, the es- 
sence of the corresponding procedure lies in associating 
objects with concepts. The difference is that the process of 
arriving at proofs by showing that the converse is not pos- 
sible centres not on a search of attributes of a given con- 
cept but on a search of necessary attributes of another op- 
posite concept. Even though the development of the method 
of arriving at a proof by disproving the converse is not a 
difficult task once the method that is being examined has 
been assimilated, it is nevertheless a different procedure 
calling for the assimilation of certain new actions.) 

The given procedure of proofs may he applied effective- 
ly in those cases in which it is required to associate an 
object not with a specified concept but with a particular 
concept from a system of concepts. In particular, it may 
be applied effectively in arriving at a diagnosis of illness. 
In such cases the logical aspect of the reasoning process 
is exactly the same as in the proof of geometric theorems. 
This, of course, is not surprising, since the logic of reason- 
ing does not depend on specific contents. 

With regard to various possibilities that are acquired 
with the help of procedures of cognitive activity it should 
be noted that some of them make it possible to analyze si- 
multaneously and independently specific phenomena from 
the given area and also construct them. An example is 
provided by the procedure considered earlier relating to the 
shaping of parts corresponding to particular forms, which 
was developed by Z. A. Reshetova and I. P. Kaloshina 
(74) (Chapter Two). Students who have learned to use that 
procedure were able not only to analyze independently in- 
dicated lathes from the point of view of their applicability 
for producing parts possessing specified shapes, but were 
also able to solve the converse problem effectively, namely, 
to design a diversity of lathes that could produce parts of 
a specified form. 
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Another example is provided by the procedure for solv- 
ing arithmetic problems relating to ‘processes’ that we 
developed jointly with G. Nikola (109). There are more 
than 30 types of problems in arithmetic whose solution is 
based on the analysis of processes: ‘reservoir problems”, 
“operations problems”, ‘problems relating to movement”, 
etc. In school many of them are assimilated as indepen- 
dent types. and emphasis is given on a system of executive 
operations. Even in cases in which a situation analysis is 
carried out this relates to a concrete form of such an anal- 
ysis as it bears on the conditions of the given problem, 
such as the fodder that has been expended during the day; 
the distance covered by a pedestrian during an hour; the 
water that has leaked out during a minute; etc. 

An analysis of these problems shows that they are all 
based on the same concepts, namely, rate, time, and the 
outcome that the process either produces or else de- 
stroys. 

The problem was to develop the general procedure for 
solving arithmetic problems on processes by constructing 
an orienting basis of action of the third type. This required 
that the students be taught to see in each problem those 
elements that characterize any process (invariant), namely, 
the process speed (V), its duration (T) and its outcome 


Effective solutions of problems of this type require that 
relations among basic elements of the situation also be 
understood, namely: a) that the value of the outcome is 
directly proportional to the speed and time; b) that the time 
required for obtaining a specific output is directly pro- 
portional to its magnitude and inversely proportional to the 
rate, etc. Next, it is important to assimilate the finding 
that for any two of these elements it is always possible to 
identify the third. Finally, in cases in which the outcome 
is produced by several participants a new system of rela- 
tions emerges, namely relations among specific and gen- 
eral values of cach parameter that are determined by the 
nature of the participation of individual forces: whether 
the participants help each other or impede each other, 
whether they participate in the process simultaneously or 
at. different. times, etc. All of these are component elements 
of the given procedure and constitute a programme of what 
should be taught in the given case. 
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Following a stage-by-stage assimilation of all identified 
elements, their mutual relations and of the general method 
of analysis of problem conditions, students were given a 
method for drawing a diagram representing the situation in 
question and a plan for arriving at a solution. Initially this 
was done in relation to a single operating force while later 
conditions related to joint actions. Subsequently, a general 
set of instructions was given that made it possible to analyze 
the problem conditions and to draw corresponding situa- 
tion diagrams and solution plans. 

The instructions call for noting in the problem condi- 
tions the participants in the process, and the manner in 
which they interact (whether they help each other or im- 
pede each other), as well as the time of participation of 
each. This produces a description of problem conditions in 
terms of a particular system of symbols. Then the students 
are asked to identify what is to be found and to represent 
it in terms of the corresponding symbol (V;, Si, T;, Ve, To, 
Se, etc.) and to circle it with a dotted line. 

Let us assume that the element that is to be found is 
the general speed of the process (Vo). It is necessary to 
indicate the values of attributes that make it possible to 
find it. Following an assimilation of basic elements and of 
their relations the student knows that it may be obtained 
in only two ways: either through the overall time (To) 
and the overall outcome (So) or else through the rates of 
movement of each participant. This is what he represents 
on Figure 4. 


To 
a, eee 
V2 Vo 
a. ~~ oe 
V3 So 


Then the instructions ask him to indicate which of the re- 
corded elements are known and which are not; the student 
analyzes the problem conditions further and finds, for ex- 
ample, that To is given while So is not, etc. At that point 
the figure acquires the appearance indicated below (Fig- 
ure 2): 
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Then the student must establish whether it is possible to 
find So or V3. He knows that Sp may be found in two ways: 
from To and from Vo or from specific values of S. Since in 
the present case the first approach is not possible (Vo is 
unknown) there remains only one other, namely through 
specific values of S. Thus by analyzing the problem in ac- 
cordance with instructions the student arrives at Figure 3. 


S; 

=e 5) 
eg ee 
oe =) 


—_ 


vo }—{ s }s 


Vm 
\ 


T3 


V: 
GH) 
It may be seen from that figure that the path indicated 


to the right of Vo leads to a solution, while the other, to 
the left of Vo, does not (it is impossible to find Ts). 
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On the basis of such a situation diagram students pre- 
pare a solution plan for the problem and carry it out. Exe- 
culive operations do not pose any difficulties since the stu- 
dents have already assimilated mathematical expressions 
for the relationships that exist among the situation ele- 
ments that are represented. This procedure makes it possi- 
blé for a student to develop a comprehensive orienting 
basis in solving all problems of this type, thus contribut- 
ing to an understanding of the given system of relations, 
and hence to an adequate translation into the language of 
arithmetic operations. 

The representation of the situations specified in problem 
conditions in terms of figures leads to a transformation of 
the problem’s text into a model that is both visible and 
abstract, in which all situational relations may be seen si- 
multaneously. It also represents a plan for arriving at a 
solution: the number of elements within the broken circles 
show how many questions (and actions) are needed to solve 
the problem. In moving forward from known magnitudes 
the required sequence of needed actions may be easily es- 
tablished. 

Such a representation also makes it possible to select the 
most rational solution sequence. Indeed, an analysis of the 
problem may result in constructing a network that will 
show that a solution may be obtained both by moving from 
right to left and in the other direction. But the number of 
steps may differ in each case. The following is an example 
of such a problem: “Three machines required 250 litres of 
fuel over ten hours. It is known that during this time the 
first machine employed 60 litres and the second 110 litres. 
Find how much fuel the third machine expended per hour” 
(see Figure 4). 

It may be seen that the path represented on the right- 
hand side of the unknown element makes it possible to 
solve the problem in two steps while the path indicated on 
the left-hand side requires four actions. 

Such a method of modelling problems “in terms of pro- 
cesses” permits students to derive a number of specific prob- 
lems of that type. Indeed, by varying the unknown ele- 
ment and constructing abstract networks of dependences 
that make its calculation possible students were able to in- 
vent any desired large number of different problem situa- 
tions. Thus, that procedure makes it possible not only to 
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solve all specific problems relating to processes but to de- 
sign them as well. Moreover, it makes it possible to design 
a logically consistent system of problems that will encom- 
pass all major variations in problem conditions. 


Naturally, in modelling cognitive action procedures those 
problem specifications are first taken into account that have 
led to the study of the given area of knowledge. In some 
cases the objective is to carry out an independent analysis 
of specific phenomena while in others it is to recreate them. 
Naturally, in cases in which both problems may be solved 
through a common procedure that procedure should be em- 
ployed fully since it increases considerably the scope of the 
student’s cognitive abilities. 


§ 3. Developing’ Procedures 
for Cognitive Activities 
and Assimilation of Knowledge 


The development of activities relating to cognitive pro- 
cedures is closely related to the assimilation of knowledge. 
The modelling of the necessary activity procedures, morec- 
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over, makes it possible to determine not only the volume 
and the contents of such knowledge, but also specifications 
bearing on its qualily. For example, the content of a pro- 
cedure relating to arriving at proofs shows that the actions 
of association of objects with concepts that it requires, and 
of inferring consequences, define particular specifications 
with regard to the development of concepts bearing on the 
carrying out of proofs. Above all the scope of the concepts 
being developed should reflect the entire system of essen- 
tial properties that are employed in arriving at a proof. 
Beyond this students must be able to differentiate between 
merely necessary properties and necessary properties that 
are also sufficient. Third, students must understand the 
equivalence of certain systems of necessary and sufficient 
attributes. This is important because the association of ob- 
jects with concepts can be effected, as was shown earlier, 
not only by relying on the total set of properties specified 
in the definition, but also on the basis of their equivalent 
sets. Fourth, the concepts must possess the attributes of an 
orientation on systems, i.e., must possess systemic attrib- 
utes. They must be developed not in isolation from each 
other but as elements of a system that are related to each 
other in specific ways. When the newly developed concepts 
do not possess these properties the action of inferring con- 
sequences cannot lead to a positive outcome since it is fre- 
quently directed at identifying properties of one concept 
within the properties of another (for example, one should 
see in a bisectrix of an angle one of the attributes of a 
perpendicular) or else at identifying properties that are 
consequences of interrelations among objects belonging to 
different concepts specified in the problem conditions. 

In its turn the development of both these and certain 
other properties of concepts calls for the development of a 
number of underlying actions among students (comparison, 
hierarchization, and others). 

Similarly, the general procedure of effecting geometric 
transformations that is modelled in terms of all component 
actions and structural elements makes it possible not only 
to identify the knowledge required by that procedure, but 
also to establish that the number of such actions exceeds 
those that are included in a school programme. It becomes 
necessary to first provide for the assimilation of such con- 
cepts as vectors, direction angles, oriented figures, and 
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equality, which are not studied in school courses on plane 
geometry, as well as for the assimilation of procedures to 
draw the objects that correspond to these concepts. 

Finally, a modelling of activity procedures makes it pos- 
sible to identify deviations in applying the principle of con- 
sistency in designing school programmes. For example, the 
procedure for solving process-oriented arithmetic problems 
has shown that their solution is not possible if students 
have not assimilated knowledge associated with the funda- 
mental dimensions of processes and their relations. Yet 
this knowledge is taught only in courses in physics, and 
even then only in specific contexts, namely in studying mo- 
tion. In arithmetic, on the other hand, process-oriented prob- 
lems are given much carlier. Beyond this, they are associated 
not only with motion but with the most diverse processes. 

Thus, as in the case of individual actions, cognitive ac- 
tivity procedures always include specific forms of knowl- 
edge that are developed either beforehand, in the process 
of developing other actions and procedures, or else in con- 
nection with the given procedure. 

Similarly, as in the case of individual actions, in those 
cases in which new knowledge enters the structure of sim- 
ilar activity procedures the developmental effect of teach- 
ing will be low, and conversely, as the number of activ- 
ity procedures associated with the development of knowl- 
edge increases the students’ cognitive activities will also 
increase. 

An application of the regulation principles that follow 
from the theory of stage-by-stage development of mental 
actions makes it possible to regulate not only the assimila- 
tion of individual cognitive actions but also the develop- 
ment of intellectual activity procedures. 

As in the case of individual actions the process of the 
assimilation of a complex procedure may be carried out 
properly from the very first. In such a case as well the in- 
ternal logic of assimilation may be seon in the system of 
transformations that is experienced by the procedure that 
is being developed. 

All studies concerned with the development of general 
procedures of cognitive activity were highly effective: first, 
the corresponding procedures were developed among all 
students; second, students experienced no difficulties in 
applying them in new situations and were able to explain 
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the corresponding process, i.e., the procedures were devel- 
oped as generalized procedures suitable for a conscious and 
aulonomous application in new conditions; third, even 
though the development of general activity procedures was 
nearly always associated with the assimilation by students 
of additional knowledge and actions, the time spent on as- 
similating the corresponding material was on the whole 
much less than in a conventional teaching practice (some- 
times several times less, but usually 1.5-2 times less).! 

In this connection it is important to emphasize that a 
large number of experiments have been carried out on the 
basis of the theory of stage-by-stage development of men- 
tal actions in relation to such subjects as writing (119), 
reading (187; 189), Russian grammar and the grammar of 
other languages (2; 61; 104), arithmetic (43; 44; 45; 55; 
149; 161), production training (132; 133; 134; 155; 74). 

The possibility of applying the theory of stage-by-stage 
development of cognitive activity has been studied not only 
at the level of secondary schools but also in teaching pre- 
school-age children (75; 176; 111) as well as in teaching in 
high schools (184; 69; 79) and in relation to both individ- 
ual and group teaching activities (191; 192; 76; 149; 161). 

In describing the progressive course of the learning pro- 
cess, P. Ya. Galperin’s theory has made it possible for edu- 
cational psychology to regulate a learning process and has 
provided means for developing cognitive and other types of 
activities possessing specified qualities. 

Far-reaching prospects have emerged in relation to the 
practice of teaching as a result of the possibility of regulat- 
ing the learning process. At the same time this possibility 
has raised a number of new theoretical problems. The or- 


' The findings of the corresponding studies have been published 
in the following collections: Formirovaniye znanii i umenii na os- 
nove leorii poetapnogo usvoyeniya umstvennykh deistvii (Developing 
Knowledge and Abilities on the Basis of the Stage-by-Stage Theory 
of Assimilating Mental Actions), Moscow State University Press, 
1968; Zavisimost obucheniya ot tipa oriyentirovochnoi deyatelnostt 
(The Influence of Types of Oricnting Activities on Instruction), 
Moscow State University Press, 1968; K probleme upravleniya obu- 
cheniyem i vospitaniyem (A Contribution to the Problem of Regulat- 
ing [earning and Training), Moscow State University Press, 1970; 
Upravieniye poznavatelnoi deyatelnostyu uchashchikhsia (The Regu- 
oe et as Cognitive Activities), Moscow State University 

ress, 1972. 
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ganization of an effectively regulated learning process has 
shown that it follows a course that differs substantially 
from cases in which there is no such regulation. The prin- 
cipal difference concerns the following: in the case of effec- 
tive regulation of the learning process one does not find 
the wide deviations from a central direction which were 
formally described as principles that characterize the ap- 
pearance of any new knowledge and any new skill. Psy- 
chologists were not able to see the positive process proceed- 
ing behind these greatly diverse deviations and the shifts 
in its qualitative states. Conversely, the absence of errors 
produces favourable conditions for studying that problem: 
in cases in which the assimilation process occurs without 
errors from the first it is possible to study that process not 
aS a movement away from substantial errors to less sub- 
stantial ones, but as a process of qualitative changes in an 
action’s basic characteristics that remains constant and free 
of errors in relation to its subject content. It is precisely 
under such conditions that it is possible to study the prin- 
ciples that govern the process of knowledge assimilation as 
a specifically human way of acquiring experience. 

The possibility to control the cognitive activity of stu- 
dents on the basis of the theory of stage-by-stage develop- 
ment of mental actions as well as the positive results of its 
experimental application allow it to be recommended as a 
psychological basis for programming learning. 

Apart from the above-mentioned theory, there are other 
theories of instruction in psychology, associationist-condi- 
tioned reflexes theory, behaviourist theory and Gestalt theo- 
ry—all of which are reflected in the field of programmed in- 
struction. This calls for necessity to analyze the theories 
in the light of the requirements formulated in Chapter One 
of the present work. Since even the supporters of Gestalt 
theory do not consider it capable of forming an independent 
psychological basis of programmed instruction, ! we will con- 
fine our studies to examining the first two theories, i.e., the 
associative-conditioned reflexes theory elaborated by Soviet 
psychologists and behaviourism developed by US scholars. 


' J. Martens, a representative of Gestalt psychology, wrote: “It is 
not the point whether we should develop programmed instruction 
on the basis of the theory of associationist (behaviourist) psychology 
or should not. The point is that Gestalt psychology may play some 
supplemental role as programmed instructions” (267). 
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Chapter Five 


ASSOCIATIONIST-CONDITIONED 
REFLEXES THEORY 

AS A BASIS FOR PROGRAMMED 
INSTRUCTION 


The authors of that theory, namely Bogoyavlensky, Men- 
chinskaya and Samarin, share the principles of Soviet psy- 
chology that have been described. As the principal basis of 
the theory of learning, however, they rely on the proposi- 
tions of I. M. Sechenov and J. P. Pavlov. We do not pro- 
pose to analyze the experimental studies of these authors. 
Rather we will limit ourselves to an analysis of the theory 
itself, above all from the point of view of the possibility 
of applying it in order to control the teaching-learning 
process. First, however, we will say a few words about as- 
sociationist theory, since it would otherwise be difficult to 
analyze the associationist-conditioned reflexes theories that 
concern us. 

§ 1. The General Characteristics 
of the Associationist Theory 


In the literature on programmed instruction association- 
ist theory is sometimes related to Pavlov’s conditioned re- 
flexes theory (9). In this connection it is important, first, 
to note that one should not confuse the phenomenon of 
association with a psychological associationist theory that 
provides a specific explanation for the emergence and oper- 
ation of associations. Second, the theory of Pavlov is es- 
sentially anti-associationist. 

The phenomenon of associations has been known since 
the time of Aristotle, who was the first to classify them. 
The fact itself of associations (linkages) of individual 
phenomena in psychic activity cannot- be doubted. One of 
the laws of dialectical materialism is the law of general 
linkages and relations; in the external objective world 
everything is linked and mutually conditioned and since 
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psychic activity is a reflection of that world it contains not 
only images of objects and phenomena from tie external 
world but also reflections of their linkages and relations. 

The concept an “association” is present in the works of 
Pavlov, who studied the conditions and physiological mech- 
anisms that bear on the development and functioning of 
neural linkages that make possible relations between an or- 
ganism and its environment. He employs that term either 
as a synonym for such concepts as temporary connections 
and conditioned reflex (115) or as a generic concept in re- 
lation to conditioned reflexes (116). 

Associationist theory appeared in the eighteenth century. 
It was initially formulated by a materialist English doctor 
of medicine, David Hartley (285). At the time when it was 
written that theory was progressive. D. Hartley based his 
theory on two elements, namely, feelings (the simplest 
psychological element) and the affective tone that is com- 
bined with experienced feelings. All phenomena in psychic 
life consist of these two elements. The mechanism under- 
lying all psychic phenomena is associations and vibrations. 
Associations are the outcome of vibrations being dissemi- 
nated within the brain: two influences on the brain form 
two centres of origin from which vibrations proceed along 
neural paths. It is the linking of these vibrations that leads 
to images of objects and of phenomena of the outside world 
that influence sensory organs. In this way the linkage of 
psychic phenomena or association is the outcome of a phys- 
ical process of vibrations that are being disseminated along 
neural tissues. This was a materialistic but highly mechan- 
istic theory. 

Associationist theory remained influential in psychology 
up to the twentieth century. It experienced a number of 
changes; and within it, aside from materialist branches, 
idealistic branches developed as well. Within the material- 
ist branches of associationism the principle of vibrations 
was replaced by the principle of resonance, by an energy- 
related principle, and by others. But in spite of all changes 
the following mechanism remained characteristic for 
associationist theory: a) different psychic phenomena are 
inevitably viewed not as qualitatively distinct but merely 
as different external combinations of the same initial ele- 
ments; b) according to that theory psychic phenomena are 
viewed as having appeared independently of the subject’s 
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activities and without considering his needs and the prob- 
lems that he confronts. In other words, associationism 
neglects the subject’s activities which are a necessary con- 
dition for the formation of any psychic phenomenon and 
any association. It considers that in order for associations 
to appear it is sufficient that actions of stimuli be expe- 
rienced (simultaneously or in sequence). Everything else 
is explained by the flexibility of the brain, and its ability 
to filter and retain traces arising under the influence of 
stimuli. Psychic phenomena are thus merely shadows of 
processes taking place in the brain while the subject of 
reflection is a passive element: his brain records mechan- 
ically everything that it experiences. 

The inconsistency of associationist theory became appar- 
ent already in the nineteenth century. In particular, a suf- 
ficient number of facts was accumulated already at that 
time indicating that different psychic phenomena possess 
specific qualitative features that cannot be reduced to qual- 
ities of component elements. 

The studies of I. M. Sechenov and I. P. Pavlov have 
shown that the brain does not operate in a mechanistic 
manner and that its flexibility expresses itself not in its 
retention of traces of all influences to which it is exposed, 
but on the contrary, in a very great selectivity in relation 
to them. This selectivity is determined by a system of real 
relations between the organism and its environment. In 
order that a nervous linkage be formed within the brain a 
mere coincidence of stimuli is not sufficient; first, the sub- 
ject must also possess a need (dominant, optimal centre 
of excitation); second, one of the active stimuli must be 
significant and must respond to existing needs. In other 
words, in order that a particular association develop it is 
necessary that it possess a significance for the person and 
a definite meaning; associations that have lost their vital 
significance are destroyed and are made passive. Finally, 
the reflection in the brain of an objective relation between 
operating stimuli may occur only when the subject iden- 
tifies that relation, i.c., executes a specific orienting activ- 
ity that is directed at these stimuli (orienting reflexes). 

It is in the light of these considerations that the incon- 
sistency of the associationist theory was shown. The stu- 
dies of Pavlov and of his associates have shown that it is 
not possible to understand and describe correctly the mech- 
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anism of neural linkages if one disconnects the subject 
from his system of real relations to his environment, with- 
out considering his needs and the problems that he con- 
fronts, without analyzing those of his activities that are 
directed at objects and phenomena in the external world. 

Accordingly, the theory of Pavlov by no means confirms 
the correctness of the old interpretation of an association 
and of the mechanistic associationist theory that has been 
developed on that basis. On the contrary, it calls for a 
basic reconsideration of that concept«as well as of the entire 
theory. S. L. Rubinstein is fully correct in writing that 
‘“Pavlov’s interpretation of conditioned relations does not 
provide a basis for the old understanding of associations”’. 
Ife continues: ‘‘In order to carry out a ‘fusion’ of a condi- 
tioned relation with associations or else superimpose asso- 
ciations on conditioned relations a radical transformation of 
the old concept of association is in fact required, together 
with the development of a new associationist theory” (143, 
p. 241). 

It follows from what has been stated that associationist 
theory represents a past stage in the development of psy- 
chology. Yet that long obsolete theory has been resurrected 
twice during the past quarter century. Initially, this oc- 
curred following the widely-known conference on Pavlov’s 
theory at which the problem of developing a conditioned 
reflexes approach to psychic activities was formulated to- 
gether with the problem of establishing a closer relation be- 
tween the physiology of higher nervous activity and psy- 
chology. At that time instead of a creative application of 
Pavlov’s anti-associationist theory to solving these problems 
of psychology some psychologists began to revive the old 
associationist theory. This has already been noted in the 
literature on psychology (188; 65). 

The second time associationist theory was revived in our 
country in connection with the appearance of the idea of 
programmed instruction. Its application to programmed in- 
struction was advocated by Samarin, Esaulov, and a num- 
ber of other authors (e.g., 153; 154; 9). 

Thus, in recognizing the existence of associations we are 
categorically opposed to their dssociationist interpretation 
as well as, of course, to that theory as a whole. Let us 
now consider the principal object with which we are con- 
cerned. 
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§ 2. The General Features of Two 
Types of the Associationist- . 
Conditioned Reflexes Theory 


The associationist-conditioned reflexes theory is present- 
ed in the works of Samarin (152), Bogoyavlensky and 
Menchinskaya (14). In these studies it is stated that the 
key concept in analyzing psychic activity is association. In 
particular, Bogoyavlensky and Menchinskaya write, “We 
assume that the basic simplest element of the cognitive 
process is association and that the basic task in our research 
is to study the way in which associations and systems 
of associations develop under teaching conditions” (Jbid., 
pp. 11-12). Samarin considers that the analytical unit in 
psychology is the feeling (of external events). “All com- 
plex psychic processes—perceptions, representations, 
thought, feelings, etc.—are based on feelings (of external 
events) and on corresponding traces” (/bid., pp. 216-17). 
Samarin used association as a mechanism of psychic activ- 
ily: “Associations are linkages of psychic processes rang- 
ve 3) the simplest to the most complex ones” (/bid., 
p- : 

lt is not possible to agree with any of these assertions. 
In choosing a unit for purposes of psychological analysis 
it cannot be forgotten that the psyche must be viewed as 
an activity of the subject for only such an approach to the 
study of psychic phenomena makes it possible to overcome 
the epiphenomenalism of empirical psychology, including 
its associationist branch. By viewing the psyche as one of 
the types of human activity that links the person with the 
external world and regulates the external world’s relations 
with him makes it possible to understand correctly both 
the psyche’s function and its genesis. In the logic of em- 
pirical psychology the psyche is a subjective phenomenon 
contained within the subject and separated from his real 
life and having appeared for reasons that are not under- 
stuod. In the logic of Marxist psychology the psyche is a 
natural stage in the development of life itself which makes 
it possible for the subject not only to regulate his behav- 
iour in the external world but, on the level of man, to 
transform that world. 

The view that the psyche is a type of activity requires 
that it be analyzed as has been noted in units of activity. 
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Otherwise the subject as an active element will vanish 
from view and the recognition of the psyche as a specific 
type of activity will remain an empty declaration. This is 
precisely what has occurred in the studies being considered. 
The authors speak repeatedly concerning the unity of 
the psyche and of human activities and state that the 
psyche is a form of activity. But in the context of a concrete 
analysis of psychic phenomena these propositions are not 
applied and cannot be applied in terms of the units of anal- 
ysis that have been specified. Indeed, the view that feel- 
ings (of the external world) are analytical units of the 
psyche and that associations are mechanisms of psychic 
phenomena implies a reduction of the psyche to chains of 
images. The entire operational aspect of psychic activity 
through which a subject’s activity is realized remains ne- 
glected. 

Nor does the situation improve when an association is 
taken as a psyche’s analytical unit. In their book, Bogo- 
yavlensky and Menchinskaya do not show how the unit 
that they select may be employed in analyzing psychic ac- 
tivity and why this particular unit must be selected rath- 
er than another. It may be seen from a subsequent exposi- 
tion that the authors interpret an association as a concept 
that is identical with the concepts of conditioned reflex and 
temporary connection. It is well known however that Pav- 
lov viewed conditioned reflex and temporary connections 
as units in the physiological analysis of higher nervous ac- 
tivity. A failure to differentiate psychological units of anal- 
ysis from physiological ones has caused Bogoyavlensky and 
Menchinskaya to substitute physiology for psychology and 
to abandon an analysis of specific psychological principles 
of behaviour that follow from the structure and contents of 
those forms of human activities that are directed at the 
external world. 

Nor can one accept the view that associations are mech- 
anisms of psychic activity. This view proposed by Sama- 
rin is not proved in any way and we agree fully with Ru- 
binstein who writes, “Associations are generally: not so 
much ‘mechanisms’ as a fundamental phenomenon that it- 
self calls for explanation and for an identification of its 
mechanisms” (146, p. 156). In order to understand why 
particular associations developed it is necessary to analyze 
the content and structure of that activity of the subject 
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whose outcome and product, such associations represent. A 
simple observation that various types of associations exist 
does not explain their emergence and does not identify the 
principles that govern psychic activity. 

Advocates of the agsociationist-conditioned reflexes theo- 
ry recognize the inconsistency of the old associationist 
theory and call for the development of a new one that 
would be based on Sechenov-Pavlov’s theory of reflexes. In 
order to develop a new theory it is necessary first to iden- 
tify the shorteomings of the old associationism, This, how- 
ever, has not been fully achieved in the works under con- 
sideration. Thus, for example, DGogoyavlensky and Men- 
chinskaya while correctly noting that advocates of asso- 
ciationiem interpret the development of association mech- 
anistically, without considering the subjects activity, 
find that the shortcomings of associationism is that its ad- 
vocates supposedly “interpreted associations as a linkage 
between psychic phenomena, viewing them outside the con- 
text of the problem of material causality” (14, p. 12). This 
assertion does not correspond to the facts. Beginning with 
D. Wartley all representatives of the materialist branch of 
associationism attributed the emergence of associations as 
linkages among psychic phenomena to the brain's presumed 
capacity to respond to externally originating influences 
and to retain their traces, It is another matter that such an 
approach to establishing the causality of psychic phenom- 
cna is naively mechanistic and accordingly invalid. 

Samarin considers that the flaw in the old form of as- 
sociationism is merely that it does not see the qualitatively 
specific features that attach to transitions from perception 
to representations and from representations to concepts. It 
is surprising, however, that he himself then adds that con- 
cepts develop from representations and reasoning is an 
association of concepts (152, pp. 190-91). 

An incomplete and logically inconsistent analysis of the 
shorlcomings of the associationist theory hinders Samarin’s 
attempts to identify the fundamentally new element that 
the Sechenov-Pavlov theory of reflexes contributes to the 
understanding of the psyche and the concept of an associa- 
lion, Ag a result instead of presenting a new approach to 
the analysis of psychic phenomena on the basis. of the 
theory of conditioned reflexes, he reconstitutes the old clas- 
sical associationism. 
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Let us begin with an analysis of Samarin’s interpreta- 
tion of the concept “association” itself and of its relation 
to the concepts “conditioned reflex” and “temporary con- 
nection”. 

Samarin views associations as a psychological equivalent 
of a temporary connection (/bid., p. 188). In his view an 
association is a specific type of connection that) character- 
izes the linkage of psychic processes. He writes: ‘Phe the- 
ory of Pavlov has defined the material foundations of that 
linkage and the principles that govern its functioning” 
(Ibid., p. 194). “The material substratum of associations 
is provided by temporary neural connections established in 
the cortex of the brain” (/bid., p. 383). 

Tt is apparent that such an interpretation of associations 
has nothing in common with the theory of conditioned 
reflexes and is a typical associationist approach. Under such 
an approach the principles of conditioned reflexes govern- 
ing higher nervous activities do not at all influence the as- 
sociation of psychic phenomena and merely relate to ils 
material foundations. Associations for their part are the 
psychological equivalents of these material foundations, 
i.c., equivalents of the brain's physiological processes. Such 
an interpretation of the relation of psychic to physiological 
processes is a typically parallelist one. In this connection 
Rubinstein writes: “This is a restoration of the old config- 
uration which is simultaneously mechanistic and idealis- 
tic? (1438, p. 225). We adds that in terms of ils external ap- 
pearance the characteristics of physiological principles of 
behaviour bearing on higher nervous activities constituting 
the material “basis” of psychology scem to be similar to 
what is a correct understanding of the relation of physiolog- 
ical principles of behaviour bearing on higher nervous 
activities to psychology. “But in terms of their internal 
meaning and of their actual direction they express a pro- 
nounced dualism” (/bid.). Tho view of psychic activity on 
the basis of the conditioned reflexes theory implies that as- 
sociations must be viewed simultaneously both as a phys- 
iglogical and as a psychological process and implies that 
principles of behaviour bearing on higher nervous activi- 
ties must be extended to psychic processes themselves and 
not merely to their material foundations. Phenomena that 
are psychic in terms of the form of their existence are al- 
ways material and always represent a specilic physiological 
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process that is governed by all principles governing higher 
nervous activity. The ideal nature of psychic processes is 
apparent in the context of the relation of the psychic to the 
external world and not. in the context of its relations to the 
brain. Psychic phenomena represent one of the forms of 
conditioned reflexes activities. The specific characteristics 
of “psychic reflexes” lie in that the corresponding responses 
are neither movements nor secretions but images and 
reflections of the external world.! That image, however, 
while it is ideal in relation to the object whose reflection it 
represents, also exists as a material physiological process 
in the brain, rather than ‘entering’ into a reflox as some- 
thing that is not material and that disrupts the material 
continuity of the brain’s activity on the basis of reflexes. 
It is only by recognizing this that one can avoid a substan- 
tialist approach to the understanding of psychic processes 
and its separation from the brain’s material nervous pro- 
cesses. 

Samarin’s acceptance of the old invalid interpretation of 
an association makes it difficult for him to avoid the fol- 
lowing error: in his monograph he writes explicitly that 
“psychic processes are a necessary link in a reflex” (152, 
p. 383). Thus it would appear that the psyche is not at all 
an activity of the brain on the basis of reflexes but merely 
its “psychological equivalent” and its “link”. 

Samarin’s incorrect interpretation of associations leads 
not only to a separation of psychic processes from physio- 


' In psychological literature psychic processes are often viewed 
not as a full reflex but as merely a “middle link” of a reflex or as 
two thirds of a reflex. In this connection the position of I. M. Se- 
chenov is cited who did in fact interpret thinking and psychic 
processes in this way. It should be noted, however, that Sechenov 
asserted this in analyzing the behaviour of man as a whole and in 
considering the mutual relations of a subject with the world at the 
level of a macro-approach. The subsequent development of the theory 
of reflexes, particularly in the studies of recent decades, have shown 
that when subjected to a micro-analysis already the initial link of 
a reflex, namely, the perception of a stimulus, constitutes a complex 
system of complete reflexes (160). Accordingly, psychic processes 
are not a “fragment” of a reflex but a complete reflex that is 
usually the outcome of an entire system of different reflexes. UI- 
timately, however, psychic activity is never the last link in a 
subject’s interaction with the world. It plays an orienting role in 
relation to man’s practical activities in the world. In this sense it is 
indeed a “middle link”. 
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logical ones but also to a separation of psychic processes 
from the subject’s activities and to its disconnection from 
the system of man’s actual relations with the external 
world. 

For Pavlov a conditioned reflex (association) is a rela- 
tion between a subject and the external world. For Samarin 
an association is a linkage among subjective images in the 
form in which they appear to our consciousness. He does 
not deny his agreement with associationists and writes ex- 
plicitly that ‘it is difficult to object to the associationist in- 
terpretation of thinking”. Samarin, too, sees the essence of 
thought processes in the view that aside from activating old 
associations they also develop new ones (/bid., p. 193). In 
another study (151) he reduces the entire process of de- 
veloping new acts of psychic activities to the develop- 
ment of different modes of association among external 
feelings. 

The application of the theory of reflexes to psychic activ- 
ity means above all an overcoming of the view that the 
psyche is a closed sphere within the subject and the recog- 
nition that it is a real relation between a subject and ob- 
ject. Samarin, whether he wishes this or not, in fact pro- 
poses that we return to the old empirical psychology and 
engage in a fruitless epiphenomenalistic description of psy- 
chic phenomena. Under such an approach a neglect of spe- 
cifically psychological principles is quite natural and this 
is what has in fact occurred in the works of Samarin. Psy- 
chology is expected to merely describe different types of 
associations that link the final outcomes of psychic (re- 
flexes) activity. As for the principles governing the devel- 
opment of these associations they belong to the sphere of 
the physiology of higher nervous activity. Samarin notes 
that the theory of Pavlov has identified the principles gov- 
erning the functioning of associations (/bid., p. 194) 
which are, in the view of Samarin, psychological equiva- 
lents of temporary linkages. He adds that the principles 
governing higher nervous activity have made it possible to 
explain on a materialistic basis the very essence of the 
principles governing associations (Jbid., p. 107). 

In describing the mechanism of mental activity Samarin 
writes: “One may point to three psychological mechanisms 
that derive their physiological] explanation in the theory of 
I. P. Pavlov: associations by proximity (the closing of a 


235 


connection) and their dissociation; associations in terms 
of similarity (the generalization of conditioned connections) 
and their dissociation; and associations in terms of con- 
trast (in accordance with the law of induction and as a 
result of shifts in phase states) and their dissociation” 
(Ibid., p. 408). 

Samarin refers to psychological mechanisms, yet instead 
of actually analyzing them he merely lists types of asso- 
ciations. Such a listing of these associations as phenomena 
and facts of mental activity does not identify any psycho- 
logical mechanisms nor does it describe psychologically the 
fact that these associations appear. Accordingly, at the psy- 
chological level we only find a recording of certain facts. 
They are then explained in a purely physiological term. 
Thus, Samarin’s selection of (external) feelings as the 
unit of psychological analysis and his consideration of as- 
sociations, in the spirit of the old teachings of association- 
ism, as a mechanism of psychic phenomena unavoidably 
leads to an interpretation of the psyche as a chain of im- 
ages and to a neglect of its operational aspect as well as 
to a failure to recognize the psyche as an activity. At the 
same time it also leads to a rejection of the theory of re- 
flexes since its principles of functioning are not applicable 
to the psyche: Samarin extended the sphere of their activ- 
ity only to the “material foundations of the psyche”. As for 
psychology, it finds itself altogether deprived of any prin- 
ciples and its task appears as the description of different 
types of associations. 

We find a similar approach to the psyche and to psy- 
chology in the work of Bogoyavlensky and Menchinskaya. 
Unlike Samarin they do not view the distinction between 
an association and a temporary connection as a distinction 
between psychological and physiological phenomena. As 
has already been noted they recognize the identity of these 
concepts. But they view all principles governing psychic 
activity in terms of principles governing the dynamics of 
neural processes. In fact, however, as P. I. Zinchenko cor- 
rectly observes ‘associations (temporary connections) to- 
gether with the internal principles governing the dynamics 
of neural processes which conditions their formation are 
determined by the subject’s activity which in turn is deter- 
mined by objective reality and the material conditions of 
that activity” (65, p. 162). But Bogoyavlensky and Men- 
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chinskaya do not carry out a concrete analysis of the activ- 
ities of the subject that relate to the external world. In 
pointing to individual psychological facts instead of clari- 
fying the specific features that attach to the structure and 
content of activities leading to these facts they simply refer 
to general principles governing higher nervous activity. 
Thus, for example, in analyzing cognitive activities they 
view analysis and synthesis as primary processes, ‘‘as the 
basic activity of the nervous system” (14, p. 56). At the 
same time they view the basic stages of higher nervous 
activity, namely, the initial generalization, differentiation, 
higher analysis, as the major stages in the development of 
mental activity. 

Naturally, such a reference to general principles govern- 
ing higher nervous activity does not permit the authors to 
reveal the actual causes of psychological facts since as 
these authors recognize the relation between the two is non- 
unique. For example, Bogoyavlensky and Menchinskaya 
write: “The irradiation-like process of excitation operates 
as a physiological basis for the synthetic act of thinking 
which leads to generalizations.” At the same time they 
admit that the nature of such generalizations may vary: in 
some cases generalization proceeds along nonessential at- 
tributes, and “does not encompass the essence of phenom- 
ena’; while in others, it is based on a separation of es- 
sential attributes from nonessential ones. Bogoyavlensky 
and Menchinskaya recognize that in terms of their origins 
and of their structure these generalizations are psychologi- 
cally distinct (/bid., pp. 56-57). As we see generalization it- 
self does not explain anything: it may take place in either 
of these two cases. But in order to understand why in one 
case generalization leads to formation of a false concept 
while in another to the true one it is necessary to move to 
a wider context than that of connections within the brain 
and to turn to an analysis of that particular activity which 
links students with objects that are subjected to concept 
generalizations. In turning to physiology for an explana- 
tion it is not difficult to recognize one of the characteristic 
traits of the old associationism. 

This analysis shows that the authors of the association- 
ist-conditioned reflexes theory have not overcome the short- 
comings that attach to associationist theory. This expresses 
itself concretely in the following propositions whose im- 
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portance is fundamental: first, associations are viewed 
either as a linkage between psychic phenomena (Samarin) 
or as a neural connection and as a purely physiological 
phenomenon within the brain (Bogoyavlensky, Menchin- 
skaya). Second, in both cases associations are separated 
from the nature of actual interactions between a subject 
and objects within the world. The dependence of the form- 
ation of associations and of their specific features on the 
nature of the subject’s activities that link him with the ex- 
ternal world is not shown. As a result associations appear 
not as a fact pertaining to a real interaction between the 
subject and the world but only as a phenomenon that is 
limited either to the subject’s consciousness or to internal 
activities within the brain. Psychology can then only de- 
scribe the associations while their explanation lies in the in- 
ternal dynamics of neural processes. 

It is true that at the level of general statements Bogo- 
yavlensky, Menchinskaya and Samarin frequently point to 
the need to consider the activities of the subject in order 
to understand the specific characteristics of his psyche. In 
addition, Bogoyavlensky and Menchinskaya note towards 
the end of their book that until now the analysis and orga- 
nization of the teaching-learning process have emphasized 
activities of teachers and have given an insufficient em- 
phasis to the activities of students (Jbid., p. 332). Their 
explanations of specific psychological facts that they men- 
tioned, however, are not based on a concrete analysis of 
the activities of students and as a result of this the cor- 
responding psychology becomes abstract. It is expected to 
merely record and describe different types of phenomena 
which are then explained by the physiology of higher nerv- 
ous activities. 

It is widely known that the principles governing the low- 
er “floors” of science also apply to the higher “floors” with- 
out encompassing all the principles that govern the latter 
(223). It should also be emphasized that it is the specific 
principles governing each area that play a leading role as 
Rubinstein rightly notes (145). 

Thus, from a general psychological point of view the 
conception that is proposed embodies an associationist rath- 
er than a conditioned reflexes theory. 
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§ 3. The Process of Assimilation 
in the Light of Associationist- 
Conditioned Reflexes Theory 


An analysis of the learning process that is carried out 
in the light of that theory possesses the same shortcom- 
ings. Bogoyavlensky and Menchinskaya view associations as 
the basic element of the assimilation process. They consider 
the task of analysis to be the manner in which = asso- 
ciations and systems of associations develop in the process 
of learning. They consider analysis and synthesis to be 
leading processes in cognitive activities. An analysis is 
viewed as any division, disconnection while synthosis as a 
connection, combination. Neither analysis nor synthesis, 
however, are demonstrated to be cognitive actions. ‘Their 
characterization reduces to separations and linkages, i.e., 
relates to the logical level of analysis. 

Much importance is also given to abstraction and gen- 
eralization but thoy are viewed as derivative phenomena 
in relation to analysis and synthesis. Following Vygotsky 
the authors include abstraction and generalization together 
with systematization as indicators in terms of which they 
propose to trace changes in the thought activities of stu- 
dents. But since thought activities themselves are not ana- 
lyzed as an activity the position that thesc phenomena oc- 
cupy in a system of activities remains unclear: whether it 
is a structural posilion (as a system of actions) or it is 
that of basic characteristics of thought activities. Subso- 
quently, in characterizing the stages of assimilation, Bo- 
goyaviensky and Menchinskaya do not show the qualitative 
changes that take place in analysis and synthesis as woll 
as in generalization, abstraction, and systematization. 

The authors note that the differences in the “character 
of thought operations influencing the development of asso- 
ciations and of systems of associations is reflected in the 
composition of associations and leads to the elaboration of 
linkages of various types” (14, p. 17). Unfortunately, this 
correct proposition is not applied to the analysis of the pro- 
cess of assimilation. The authors do not show the way in 
which specific characteristics of the activities of students 
influence the associations that develop. Morcover, since 
Menchinskaya and Bogoyavlensky do not carry out any con- 
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crete analysis of the cognitive activities of students that 
lead to the assimilation of knowledge and to the develop- 
ment of specilic associations, there is no psychological anal- 
ysis of the process of assimilation. It is true that the 
authors refer to stages of assimilation and even to prin- 
ciples “that help identify the essence of transitions from 
lower slages of assimilation to higher ones” (/bid., p. 16). 
But first they distinguish the stages of assimilation not in 
terms of qualilative changes that are experienced by the 
characteristics and leading processes of cognitive activity 
but in terms of the outcomes and results of an activity that 
remains unknown. Second, in referring to the principles 
that govern the essential aspects of the transitions in as- 
similation from lower stages to higher ones, it is physio- 
logical principles relating lo the analytical and synthetic 
activities of the brain that are considered. 

At initial stages the leading processes of cognitive activ- 
ities, namely analysis and synthesis, are represented as 
simply elements without any systemic structure. One of 
the following two specific features are found among stu- 
dents that are at that stage of assimilation: instead of dis- 
linguishing a system of attributes on which to orient 
themselves in their activities they identify only one which 
for some particular reason appears as “‘stronger”’ than the 
others from the point of view of students or else they mas- 
ter a number of attributes but these attributes are assimi- 
lated in some arbitrary sequence, without distinguishing es- 
sential alltributes from the nonessential ones and without 
understanding the dependence of some attributes on others. 
Menchinskaya and Bogoyaviensky explain the first of these 
cases in terms of a dominance of synthesis over analysis 
and the second, conversely, in terms of a dominance of 
analysis over synthesis (/bid., p. 57). At the same time, it 
is stated that both cases are manifestations of the law of 
irradiation. Since gencralizations take place in relation to 
specific elements of concepts being studied the authors call 
it intraconceptual. 

Similarly, the phenomenon that Bogoyavlensky and Men- 
chinskaya call interconceptual generalizations also relates 
to that stage of assimilation: “The facts and phenomena 
relating to one concept become involved into the sphere of 
aclion of another concept” (/bid., p. 65). As in the case 
of intraconceptual generalizations the authors identified two 
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cases of interconceptual generalizations. [n the first group 
generalizations occur under conditions in which one of the 
rules be studied in isolation from others by students who 
are unfamiliar with other “competing” rules. In the sec- 
ond case all necessary elements of knowledge are known 
to students but the “critical” examples are preceded by 
exercises in terms of a familiar rule or else variants of fa- 
miliar rules clash in the course of exercises and generali- 
zation is produced by the frequency of repetition of one ol 
these variants. 

Thus, the first stage of assimilation of knowledge is char- 
acterized by various types of errors. ‘These errors are at- 
tributed to purely physiological causes: namely, the opera- 
tion of the law of irradiation. It remains unknown why gen- 
eralizations of that level proceed in terms of nonessential 
attributes rather than essential ones which are inevitably 
present in the data. In order to understand this it is nec- 
essary to turn to an analysis of the cognitive activity of 
students and to its content and structure, i.e., to move from 
general physiological laws to laws that are specifically psy- 
chological. The authors, however, do not do this. They 
merely record the very modest outcomes of such activities. 
The observation that in one case synthesis prevails over 
analysis and in the other case the converse is true is too 
general. It is again an observation of results of analytical 
and synthetic activities rather than an identification of the 
specific contents and specific features of those acts of anal- 
ysis and synthesis that bring students to the corresponding 
results. 

Bogoyavlensky and Menchinskaya describe the subse- 
quent stages of assimilation in a similar way. This refers 
to stages in which synthesis and analysis begin to corre- 
spond to each other and acquire a systemic character. The 
overall process of development of analytical and synthetic 
activities is represented by the authors in the following 
way: at first synthesis is not supported by corresponding 
forms of analysis—the latter lags and appears in insuffi- 
ciently refined forms. At the next stage, on the contrary, 
synthesis lags behind analysis. And finally, at the last stage 
they come into correspondence with each other. In this 
connection it should be noted that in some cases the auth- 
ors combine the first two stages into one (ibid., p. 68) 
while in others they view them as distinct processes (/bid., 
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pp. 57, 74 et seq.). As we see the process of assimilation 
is not identified in terms of qualitative changes in the cog- 
nitive activities of students and does not acquire a single 
positive attribute. [ostead the results of deviations of that 
unknown process are noted: the types of errors that replaced 
each other are described. Gradually all errors vanish 
that finally leads to a correct analytical and synthetic ac- 
tivity. The question naturally arises concerning the way 
in which this takes place. Bogoyavlensky and Menchin- 
skaya do not identify the psychological mechanism relating 
to that transition and cannot do this since they do not ana- 
lyze the activities themselves that the students carry out. 

In their opinion the thought activities of students evolve 
in two directions. First, a further differentiation of knowl- 
edge occurs and in the course of that process an identifica- 
tion of essential aspects occurs. That process is called a 
process of differentiation of knowledge. Second, there oc- 
curs a systematization of knowledge which is expressed in 
a combining and generalizing of attributes within a concept 
or else a number of related concepts that until then had 
been viewed as distinct. They call that process the system- 
atization of knowledge and it is viewed as occurring on the 
basis of differentiation. 

The differentiation of knowledge leads to a gradual re- 
placement of individual associations by ‘“‘multiple” associa- 
tions which make it possible to respond in different ways 
to a given signal or else to respond to different signals in 
terms of a single action. Systematization also refers to the 
establishment of different associations,* namely, in terms of 
attributes such as genus, species, causal relations, time re- 
lations, etc. A correct differentiation and systematization 
occur gradually through a number of characteristic errors. 
Thus, before a correct hierarchical relation of concepts 
within a system is established a replacement takes place 
of the types of concepts that enter into that system: gen- 
eral concepts begin to be viewed by students as specific 
and specific ones are viewed together with general concepts. 

On the basis of these facts Bogoyavlensky and Menchin- 
skaya conclude that the process of assimilating a system 
of concepts embodies the same general principle as the as- 
similation of an individual concept. But while in the last 
case errors are associated with difficulties in assimilating 
linkages between individual concept attributes, in the case 
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of the assimilation of systems of concepts the correspond- 
ing dilliculties relate to linkages among concepts. A “re- 
duction” of the corresponding process takes place at the 
concluding stages of the development of analysis and syn- 
thesis, individual operations cease to be perceived con- 
sciously and are automated. There occurs a development of 
stereotypes. 

This in fact is the full characterization of the process of 
assimilation of knowledge. It has already been noted that 
the process of assimilation itself is in fact completely neg- 
lected. The cognitive activities of students which consti- 
tute the essence of that process remain unknown. Associa- 
tions are always merely outcomes of particular cognitive 
activities, or their products. One does not see in these as- 
sociations the process that leads to their development. This 
is why the choice of associations as a unit of analysis of 
the process of assimilation is incorrect. lt makes impos- 
sible an analysis of assimilation both as a process and as 
a sequence of qualitatively specific stages in the cognitive 
activities of students. 

Not only do Bogoyavlensky and Menchinskaya fail to 
identify the assimilation process itself but they do not de- 
scribe its principal stages in terms of their outcomes either. 
They only analyze the outcomes of individual deviations of 
the assimilation process from a correct course. Naturally, 
errors do represent a definite interest but it is not possible 
to replace through various types of errors the natural course 
of that process itself. The authors themselves seem to 
be aware of this. They write: ‘It may be assumed that the 
difficulties that we have described in the assimilation of 
new knowledge and identification of their psychological 
causes will make it possible to develop a methodology olf 
learning that will increase substantially the quality of learn- 
ing by anticipating possibilities of deviations in the ana- 
lytical and synthetic activities of students from the correct 
course” (/bid., p. 96). We thus see that the authors are 
aware that the stages that they envisage do not identify 
the course of the process of assimilation (‘its correct 
course’), but merely record the outcomes of deviations from 
that course and leave the process itself unknown. 

Beyond this Bogoyavlensky and Menchinskaya eventual- 
ly also admit that the stages that they identify do not at 
all represent necessary stages. Following the description of 
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the stages of assimilation that they identify they note: “The 
stages of development in analytical and synthetic activities 
of students that we have sketched could not be viewed as 
either universal or unchangeable.’ Subsequently, they re- 
cognize that a gradual methodologically correct. accumula- 
tion of knowledge leads to a situation in which, for a part 
of the students who were better prepared, the stage of ini- 
tial generalization is either absent altogether or present in 
an initial form (/bid., p. 95). 

Thus, the authors recognize that the assimilation of 
knowledge need not have passed through a number of dif- 
ferent errors and that analytical and synthetic activities 
may be comprehensively developed from the first. And we 
fully agree with this. This does not eliminate, of course, 
the need to trace the process of assimilation and to iden- 
tify ils qualitatively specific stages. Moreover, it is only 
through a reliance on a correct process of assimilation free 
of errors that makes it possible to approach the study of its 
natural stages which identify the internal logic of the pro- 
cess. 

Finally, in explaining the facts that they cite, the auth- 
ors merely refer to general physiological principles. This 
makes it impossible to study the logic of the process of as- 
similation or to understand the psychological causes for 
the deviations that occur in its course. 

Bogoyavlensky and Menchinskaya actually recognize 
themselves that the stages that they have identified and 
that the general physiological principles on which they 
have relied in explaining the stages do not identify the 
psychologically specific features of assimilation which must, 
however, be understood in order to regulate the process of 
assimilation and to keep it on a correct course from begin- 
ning to end. In concluding their description of stages of as- 
similation they write: ‘There will be even greater possibil- 
ities for making use of psychological data when the psy- 
chological conditions will have been studied that are need- 
ed for developing correct knowledge and its effective appli- 
cation” (/bid., p. 96). Thus, they recognize that the stages 
of assimilation that they have noted lie outside the psycho- 
logical conditions that relate to the organization of a com- 
prehensive assimilation of knowledge and in this connection 
they seek to list a number of such conditions. These in- 
clude the following: 
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1) the influence of past experience on the course of as- 
similation; in some cases this may be positive and in other 
negative; 

2) a correct organization of comparisons in the course 
of learning; 

3) the development of forms of motivation among stu- 
dents that correspond adequately to learning objectives; 

4) an activization of the student’s cognitive activities. 

Unquestionably, all these factors do influence the course 
of the process of assimilation but they do not identify ils 
nature. The number of such factors may easily be increased. 
A knowledge of these factors, however, when not relat- 
ed to the internal logic of the process of assimilation, does 
not. provide a basis for regulating its course and organizing 
a process of learning in such a way that these conditions 
may influence the assimilation only in a positive manner. 

Thus, this particular variant of associationist-conditioned 
reflexes theory cannot serve as a fruitful psychological 
basis for programming the learning process: the theory that 
has been considered does not identify the psychological 
specific features of the process of assimilation but merely 
points to the outcomes of some of the possible deviations 
and notes a number of factors that influence that process. 

Let us now turn to the associationist-conditioned reflexes 
theory of learning proposed by Samarin (152). The prob- 
lem that the author wishes to solve with the help of a partic- 
ular conception of learning he proposes is how to “identi- 
fy even in a schematic way certain stages in the develop- 
ment of knowledge and thus in the student’s mental devel- 
opment in the sense of a transition from individual asso- 
ciations and partial associative systems to increasingly 
more generalized associative systems” (/bid., p. 388). First, 
let us note that the stages in the development of mental 
activities may not be reduced to stages in the development 
of knowledge: for as in the case of any other psychic ac- 
tivity mental activities include a specific system of actions 
on the part of the subject. Beyond this, the process of de- 
velopment of particular types of associations as well as the 
process of their transition to a subsequent stage can be un- 
derstood in terms of its specifically psychological manifes- 
tations only through an analysis of those subject’s actions 
that are directed at the particular objects in relation to 
which he wishes to acquire knowledge. As in the case of 
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Bogoyavlensky and Menchinskaya, however, Samarin does 
not. analyze that aspect of mental activity. The stages that 
he identifies do not correspond to the stages noted by Bogo- 
yavlensky and Menchinskaya. As has already been noted, 
the latter relate these stages to the analytical and synthetic 
activities of the brain. Samarin correctly notes that Bogo- 
yavlensky and Menchinskaya view analysis and synthesis 
in a purely physiological way and that they do not identify 
the psychological nature of that process (/bid., p. 206). 

Samarin also opposes the substitution of a psychologi- 
cal analysis by a physiological one in his analysis of the 
conception of thinking proposed by Rubinstein. Like Bogo- 
yavlensky and Menchinskaya, Rubinstein considers analysis 
and synthesis to constitule the principal processes in think- 
ing (144). Samarin observes correctly that ‘when we say 
that a decisive role is played by analysis and synthesis we 
do not yet say anything and do not identify anything” 
(152, p. 182). With regard to the principles that govern 
analytical processes Rubinstein points to the “law of pri- 
mary irradiation and subsequent concentration through 
analysis” (144, p. 31). Samarin is entirely right in noting 
that this does not yet constitute a psychological character- 
ization. Thus, Samarin is opposed to the replacement of 
psychology by physiology and supports the need to identify 
the specifically psychological features of principles govern- 
ing assimilation and the contents of thought activities. In 
his view, however, one should search for these elements in 
associations which are psychological equivalents of the 
physiological concept of ‘temporary connections”. 

In Samarin’s view associations identify the mutual inter- 
connections between representations and concepts and the 
new ways in which they are combined and in this way 
make it possible to understand the essence of the process 
of thinking (152, pp. 187-88). In his opinion the under- 
standing of the association structure of mental activities 
also represents a decisive element in the analysis of the as- 
similation process. Accordingly, he differentiates the stages 
of that process according to types of associations that stu- 
dents develop. Yet a simple description of developed asso- 
ciations does not. throw light on the psychological principles 
governing their development and does not explain the spe- 
cific properties of their contents. With regard to these prin- 
ciples Samarin writes: ‘he principles governing the for- 
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mation of associations and their actualization are given in 
the theory of I. P. Pavlov” (ibid., p. 383), i.e., in the phys- 
iology of higher nervous activities. 

It has already been noted that unlike Pavlov, Samarin 
views associations not as a temporary connection or a con- 
ditioned reflex but only as their psychological equivalent, 
i.e., he separates the psychological aspect from the physio- 
logical one. He then gives a purely descriptive characteri- 
zation of these “purely” psychic phenomena. Finally, in 
turning to the principles governing the psychic phenomena 
he turns to physiology. This is precisely the approach that 
was usually followed by classical associationism. 

Thus, even though he expresses his opposition to the sub- 
stitution of psychology by physiology Samarin in fact fol- 
lows the same path. In his theory psychology does not pos- 
sess any specifically psychological laws; its specific prop- 
erties relate to the level of phenomena (associations) which 
at best may be merely described in the psychological lan- 
guage but not explained in terms of psychological laws. 
Even though unlike Bogoyavlensky and Menchinskaya, 
Samarin does not equate explicitly the stages of assimila- 
tion with physiological stages in the development of ana- 
lytical and synthetic activities of the brain he nevertheless 
does turn to physiology in his search for laws regulating 
the process of assimilation. 

The second clement that is common to these two vari- 
ants of associationist-conditioned reflexes theory refers to 
the following: in both cases the stages of assimilation are 
identified in terms of their final outcome and the results 
of cognitive activities even though the nature of cognitive 
activity itself remains unanalyzed. Let us consider the 
stages of assimilation identified by Samarin. The first stage 
like those that follow is established not in a genetic man- 
ner and not through an analysis of students’ activities that 
lead to these associations but exclusively on the basis of 
logic. With the help of an experiment resulting in the re- 
cording of data the author establishes the presence of var- 
ious types of associations among students and then lists 
them in a specific order. The elements of such a series are 
then called stages in the process of assimilation. 

He describes the first necessary stage as the stage of 
local associations, This represents the first step in acquir- 
ing knowledge and skills. These are isulated systemless 
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knowledge. ‘Local associations represent the most inert 
link in man’s knowledge” (/bid., p. 229). Taken by them- 
selves local associations do not provide for the possibility 
of an act of thinking. They are employed in thinking ac- 
tivities in an accidental and non-goal-oriented manner. “A 
qualitative restructuring of established associations is need- 
ed” (ibid., p. 235) in order that they may become an ele- 
ment of mental activity. 

We thus see that as in the theory of assimilation of 
Menchinskaya and Bogoyavlensky the process of assimila- 
tion of knowledge follows a false course at the first stage. 
The associations that are developed at that stage call for 
a further qualitative restructuring. Since Samarin shows 
the necessity of this stage it follows that the process of as- 
similation cannot immediately follow a correct course and 
must inevitably be followed by a renewed learning. No 
evidence is presented, however, in support of such a view. 

At the second stage local systemic associations are formed. 
While they represent systems of associations these are 
limited by ‘“‘a textbook paragraph or chapter and particular 
knowledge concerning an individual object or phenomenon” 
(/bid., p. 259). In Samarin’s view these associations already 
play a substantial role in the act of thinking: they serve 
as a basis for the selection of new facts and for com- 
paring associations belonging to the given system. In his 
view that stage is also absolutely essential to the develop- 
ment of mental activities in man. 

The third stage refers to the formation of intrasystemic 
or intradisciplinary associations. Intrasystemic associations 
make it possible for man to “reflect the objective reality 
with the help of a particular system of scientific knowledge 
or knowledge given by teachers as well as in a system of 
professional experience accumulated through a specific type 
of activity” (/bid., p. 296). In his view this type of asso- 
ciation serves as a basis for a required adaptability of 
knowledge, abilities and acquired skills in corresponding 
disciplines. The formation of intradisciplinary associations 
calls for a systematic approach to acquiring the correspond- 
ing knowledge. In this connection Samarin lists a number 
of relations that he proposes as a basis for systematization: 
spatial relations, temporal relations, relations of ordering, 
quantitative relations, and causal relations. 

A fourth stage is characterized by the development of 
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intersystemic or interdisciplinary associations. These rela- 
tions now exceed the framework of individual disciplines 
and encompass different systems of knowledge, abilities 
and acquired skills and form a variety of generalizations in 
relation to these systems. Intersystemic associations gener- 
alize the experience of numerous types of activities, ‘they 
lead to the development of the methods of mental and phys- 
ical labour” (/bid., p. 343). Samarin writes that this type 
of association represents the highest level of mental ac- 
tivity. 

Essentially this is all that is said about the process of 
assimilation. Even if one should agree with such a classi- 
fication of associations the corresponding sequence may be 
accepted only as a programme of what should be assimilat- 
ed (188). The stages of assimilation proposed by Samarin 
reflect only that order in which the assimilation of knowl- 
edge usually proceeds. Indeed, at first the child acquires 
individual disconnected information about objects and then 
he links them in some way to the object to which they 
relate; subsequently this knowledge is enlarged and encom- 
passes a system of objects drawn from a given area of real- 
ity (in the course of learning various disciplines in school). 
Finally, some of the students learn to establish relations 
among individual disciplines as well. Let us assume that 
precisely such a sequence in accumulating knowledge is 
appropriate. But then we immediately face the problem of 
establishing the manner in which the process of assimila- 
tion of each of these types of associations should be organ- 
ized. The theory of learning does not provide the correspond- 
ing answer. 

Samarin refers to the findings of experiments that show 
that higher types of associations develop only among some 
of the students. In order to understand why this occurs it is 
necessary to identify the psychological mechanism relating 
to the cognitive activity of students that leads to these as- 
sociations as its outcome. While Samarin assumes, of course, 
that the students must carry out some kind of specific 
activity in order to develop the corresponding associations 
this remains unanalyzed, and even the concrete structure 
and contents of such activities are not considered although 
their significance is recognized. 

Accordingly, that conception cannot be viewed as a theory 
of assimilation since within it the process of assimilation js 
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not analyzed. The author merely notes certain possible out- 
comes of the process of assimilation, but even these lead to 
objections. First, there is no evidence that the above-men- 
tioned associations are always developed in the process of 
learning and in the indicated sequence. Second, the criteria 
that are employed in identifying them are not specifically psy- 
chological. In the classification proposed by Samarin asso- 
ciations that differ substantially from a psychological point 
of view must be viewed as belonging to the same type. For 
example, intradisciplinary associations may include both sys- 
tems of generalized concepts and specific representations of 
memory since within a particular discipline knowledge may 
be assimilated in each of these forms. Thus, Samarin does 
not even view associations in terms of a specifically psycho- 
logical description.1 And he may be accused of the same 
shortcomings that he finds in the old associationists: name- 
ly, a neglect of the qualitatively specific properties that at- 
tach to transitions from cognition to representations and 
from representations to concepts. 

Accordingly, the variant of the associationist-conditioned 
reflexes theory of learning proposed by Samarin cannot be 
accepted as a psychological basis for programmed instruction 
either. As was indicated in that conception the process of 
assimilation itself is not analyzed and its internal logic is 
not identified. It follows that that conception does not pro- 
pose any specific model of process of assimilation, without 
which it is impossible to design a programme of controlling 
that process. 

In order to convince oneself of the inapplicability of that 
theory for programming the learning process let us consider 
the principles of programming proposed by Samarin him- 
self on the basis of his own theory. In one of his studies 
Samarin proposes the following system of requirements of 
the design of programmed materials: 

1) the preparation of increasingly complex systematic as- 
signments. In this connection subsequent assignments must 
require an actualization of knowledge that was assimilated 
earlier. In addition, that system of exercises must provide 
for a transition from direct and visual expressions of the con- 
tents being assimilated to increasingly abstract expressions; 

2) the exercises must be varied; 


' A psychological classification of associations is presented in the 
book hy P. A. Shevarev (485). 
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3) it is necessary to gradually shift from assignments 
calling for a standard method of actions to assignments 
requiring that a greater number of attributes be considered 
(153). 

In another later study Samarin lists the following ad- 
ditional requirements (154): 

1) a systematization of the knowledge that is presented; 

2) a linkage with related courses; 

3) provision for the development of abilities and acquired 
skills; 

4) an application of the principle of individualization. 

Once stated in such a general form most of these require- 
ments do not raise any doubts. Indeed, they should be 
taken into consideration. But, first, it is not clear how this 
may be done concretely. Each of the stated requirements 
may be implemented in substantially different ways. Sec- 
ond, the overwhelming majority of these requirements re- 
late to the content of the subject being studied. And only 
two of them relate to the activities of students. Even they, 
however, indicate only in a general way the objectives that 
must be achieved without specifying the ways in which 
this may be done. Indeed, the indication that it is neces- 
sary to develop abilities and acquired skills does not tell 
us anything about how one should proceed in order to ac- 
tually achieve that objective. Finally, this system of re- 
quirements does not reflect, on the one hand, the particular 
stages of assimilation that Samarin views as indispensable. 
At the same time, most of these requirements are not 
related in any way to his ‘‘associationist-conditioned re- 
flexes’”’ theory. They are so distant from concreteness and 
psychological specificity that they may be associated with 
any theory of learning. 


* 
x 


This analysis makes it possible to conclude that the as- 
sociationist-conditioned reflexes conception of learning ex- 
presses not a conditioned reflexes interpretation of the psy- 
che but rather an associationist conception. While gencral- 
ly recognizing approaches to the psyche as a specific type 
of activity the authors who have developed that conception 
do not apply it in a concrete analysis of psychological facts. 

In practice that theory of learning cannot be employed 
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in programming the process of assimilation since it does 
not contain any indications concerning the procedure that 
must be followed in developing relevant students’ activities. 

No system of constructive principles follows from that 
conception that would permit a programming of the process 
of assimilation, a regulation of its course and to maintain 
assimilation on the right path from the very first. 

Instead, it merely indicates that it is unavoidable to ini- 
tially obtain defective knowledge that is subsequently to 
be qualitatively restructured. But should someone in fact 
attempt to construct a learning programme providing for 
a consistent generation of all indicated types of defects in 
learning it would still be necessary to search for a theory 
of the process of assimilation that would be appropriate to 
such an objective and that would provide information con- 
cerning the procedure that would be needed in order to 
develop the activities of students in such a way that the 
corresponding defects be unavoidably produced. There are 
no such programmes at present. And yet one finds in liter- 
ature on programmed instruction in this country many 
suggestions that this theory be applied (9; 59). 

In fact the authors of a number of studies indicate that 
they have already been successful in applying that theory. 
This is true, for example, of the study of I. A. Romanova 
(137). While the author cites associationist-conditioned re- 
flexes theory as the basis of her study she does not then 
show how the teaching programme was designed on the basis 
of that theory and does not provide any evidence that that 
theory was in fact embodied in the corresponding programme. 

In the case of programmed instruction in other countries 
the behaviourist theory of learning is widely cited and also 
serves aS an operational psychological basis for designing 
teaching programmes. 


Chapter Six 


BEHAVIOURISM 
AS A PSYCHOLOGICAL BASIS 
FOR PROGRAMMED LEARNING 


§ 1. The Essence of Behaviourism 


Behaviourism appeared at the beginning of the twen- 
tieth century as a protest against subjective and idealistic 
forms of psychology which emphasized the study of con- 
sciousness through the method of introspection. Behaviour- 
ists supported the view that psychological methods should 
be objective and indicated that introspection is an inherent- 
ly unscientific method since it does not admit any objective 
recording. But since behaviourists also believed that psy- 
chic phenomena could not be proved objectively by their 
very nature and would therefore never be the subject of 
genuinely scientific studies they proposed that psychic phe- 
nomena no longer be studied and that research be concerned 
exclusively with behaviour. Behaviourists emphasized 
that the main thing is what persons do and not what they 
think. Such a call for objectivity in psychology and an em- 
phasis on the study of the behaviour of persons is unques- 
tionably an important achievement and at the beginning of 
the twentieth century it represented a progressive develop- 
ment. 

From the very first, however, behaviourism possessed 
two fundamental flaws. First, it did not overcome an epi- 
phenomenalistic and idealistic interpretation of the psyche. 
Like the representatives of earlier empirical psychology be- 
haviourists viewed the psyche as something closed within 
the subject that lends itself only to the method of introspec- 
tion and that is not amenable to the objective methods of 
science. Instead of overcoming such an interpretation of 
the psyche they simply pushed it aside as an object for 
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studics and continued to view it in terms of the subjective- 
idealistic approach.’ 

Second, behaviourists also interpreted the subject of 
their studies in a coarse mechanistic way: having separated 
behaviour from the psyche they reduced it to a system of 
movements. This led to a situation in which they referred 
to the behaviour of the stomach, of the intestines, and of 
man himself as similar phenomena. It is true, of course, 
that movement is part of behaviour but behaviour may not 
be reduced to a sum of movements. Moreover, behaviour 
frequently consists in not undertaking any movements. Ac- 
cordingly, the presence of movements is not an attribute 
that is specific to behaviour. In this way, behaviourism rep- 
resents a combination of a subjective-idealistic interpreta- 
tion of the psyche with a mechanistic interpretation of be- 
haviour. While earlier empirical psychology separated con- 
sciousness from behaviour and from the subject’s activities 
behaviourism separated behaviour from consciousness and 
from the psyche as a whole (142). 

Finally, behaviourists did not perceive the qualitatively 
specific properties in the behaviour of man by comparison 
with that of animals. They view man not as a social being 
but as a purely biological one. J. B. Watson, who was the 
founder of behaviourist psychology, indicates that it devel- 
oped on the basis of studies of animals (323). 

Behaviourism viewed the task of psychology as a study 
of relations between stimuli and responding movements of 
the organism (responses). It is this which underlies the 
famous formula of behaviourism: S-R. 

It is the task of psychology to establish what combina- 
tions of stimuli (S) produce a specific response (R) that 
interests us, and conversely, what stimuli explain specific 
responses. The highest task of psychology is viewed as 
showing the manner in which human behaviour embodies 
individual responses and how one may learn to obtain the 
specified forms of behaviour by regulating a system of stim- 
uli. Thus, behaviourists are interested only in those ele- 


' As S. L. Rubinstein correctly observes behaviourism represents 
the reverse side of the introspective idealistic psychology of con- 
sciousness: an unconscious activity of blind responses was juxta- 
posed to inactive consciousness. Both approaches are expressions of 
a separation between man’s activities and his consciousness 


(445). 
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ments that influence the person and in his response io such 
influences. The key processes which mediale the linkage 
between a stimulus and a response are not considered and 
are veiwed as subjects of physiology. Yet, it is well known 
that for all that is living the actual effect of external in- 
fluences depends on the nature of the internal state of the 
organism that is being subjected to stimuli. In this regard 
human behaviour provides no exception. The stimuli that 
a person experiences are always refracted through a sys- 
tem of existing needs and tasks that he confronts and are 
mediated by the nature of the activities (including psychic 
activities) that are directed at these stimuli. It is therefore 
not possible to envisage a one-to-one relation between stim- 
uli and the responses. Since the 1930s the interest in be- 
haviourism began to decline. By that time behaviourism 
had lost its initially simple formulation. In experimental 
studies of behaviour internal conditions and the psychic 
factors continued to express themselves and behaviourists 
began to recognize this. But since they had not overcome 
their idealistic interpretation of the psyche they moved in 
the direction of a linkage with earlier empirical psychology. 

In particular, behaviourism was greatly influenced by 
Gestalt psychology.! 

It is widely known that the ‘demise’ of behaviourism 
was reflected vividly in the works of E. Tolman (320). The 
entire basic system of concepts of introspective psychology 
was in fact reintroduced in his neo-behaviourism, but an 
attempt was made to interpret them in a behaviourist way 
and to express them through objective data concerning be- 
haviour. While J. Watson reduces behaviour to a system 
of movements Tolman holds the view that behaviour is 
qualitatively specific as a psychological phenomenon and 
may not be reduced to the sum of elementary responses in 
terms of which it is observed. Under the clear influence 
of Gestalt psychology he also emphasizes the integrated 
character of behaviour. Its principal characteristic in his 
view is its goal-oriented nature. This is viewed as the pri- 
mary element. All psychic processes are then viewed as sec- 
ondary in relation to behaviour. In particular, motivation- 


' For an analysis of the philosophical foundations and various 
schools of behaviourism sce the studies of S. I. Rubinstein (445), 
A. N. Leontiev (86), O. K. Tikhomirov (177), and M. G. Yaroshevsky 
(195). 
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al processes, cognitive processes, abilities, etc., are viewed 
as intermediate links (‘‘determinants” of behaviour) me- 
diating responses. According to Tolman, the final response 
is, first, determined by the stimulus and the initial physio- 
logical state of the organism which operate as primary 
causes and, second, by mediating determinants (intermediate 
variables),! which operate between initial causes and final 
behaviour. 

In this way behaviourism has come to recognize that it 
is not possible to study behaviour in terms of the stimulus- 
response formula. The study of behaviour unavoidably leads 
to a consideration of psychological factors and a _ con- 
sideration of the role of consciousness. Tolman correctly 
notes in this connection that consciousness must be defined 
objectively on the basis of data on behaviour, But instead 
of recognizing the integral unity of behaviour and con- 
sciousness and attributing to consciousness a real vital func- 
tion he seeks to reduce consciousness to behaviour and to de- 
prive it of its specific properties. As in the case of intro- 
spective psychology he transforms consciousness into an 
epiphenomenon that is separated from the subject’s real 
interrelations with the world. Such an assertion introduces 
insoluble contradictions into Tolman’s system by making 
it impossible to define consciousness in a functional man- 
ner on the basis of objective properties of behaviour. For 
if consciousness does not introduce any qualitative proper- 
ties into behaviour it is not possible to establish where it 
is active in behaviour and where it is not. Rubinstein con- 
cludes his analysis of Tolman’s system with the following 
observation: ‘“‘Behind behaviourism’s psychological pseudo- 
objectivism one does find a clear epistemological subjectiv- 
ism’ (145, p. 306). 

During the more than fifty years of its existence behav- 
iourism has experienced substantial changes largely in the 
direction of its recognition of the role of the psyche inter- 


1 In analyzing Tolman’s interpretation of variables Gérard de 
Montpellier writes that “despite Tolman’s assertion (321, p. 102] that 
introspection does not play a role in determining that variable, it 
still appears to be difficult to deny the fact that the specific nature 
and active role of such a process will ultimately depend on intro- 
spective analysis’. This, he adds, indicates that “one should not 
view that conception as being consistently behaviouristic” (273, 
p. IV-497). 
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preted in the spirit of earlier subjective-idealistic psychol- 
ogy. This has led to an abandonment of its initial positions 
and to its transformation into an eclectic demistream that 
today exists in the form of several distinct schools. 


§ 2. Behaviourism 
and the Theory of Learning 


1. The Basic Principles of Learning 


The principles of a behaviourist theory of training were 
formulated by E. Thorndike who devoted much time to stu- 
dies of the training of animals. His experiments with ani- 
mals have served, on the one hand, as a basis for the emer- 
gence of a behaviourist approach in psychology. At the 
same time he made use of them in elaborating the founda- 
tions of educational psychology. 

The justification of transferring principles of animal 
learning to human learning is not doubted by Thorndike 
since in his view there are no qualitative differences be- 
tween these two processes. In this connection he writes 
that the development of the animal world is a quantitative 
growth and a quantitative complexification of the same pro- 
cess of connections between situations and responses that 
one finds among all vertebrates and even lower animals 
(318). 

It is Thorndike’s view that man differs from animals 
merely in the abundance of the associations that he devel- 
ops between external situations and the corresponding mo- 
tor reactions as well as in the rate with which these asso- 
ciations are formed and the complexity of their intermingl- 
ing. He writes: “His [the human] intellect we have seen to 
be a simple though extended variation from the general 
animal sort” (/bid., p. 182). Thus, the behaviourist ap- 
proach to education is based on a biological view of that pro- 
cess and a failure to consider the qualitatively specific prop- 
erties that distinguish it from the training of animals. It 
is true that one can find many observations in Thorndike’s 
work to the effect that in the course of development there 
occurs not merely a quantitative growth in associations but 
also a qualitative growth and that the corresponding pro- 
cess altains its greatest level of development in the case of 
man. He also points to the importance of speech in man’s 
psychic development (317, pp. 168, 186, 188 et seq.). But 
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these are only passing observations that are not employed 
in the analysis of the process of human education. Thorn- 
dike’s actual point of view is that ‘the general pattern and 
features of the learning are extraordinarily alike over al- 
most the entire range” (318, p. 163). 

According to Thorndike the process of learning is the 
process of establishing specific connections between a giv- 
en situation and a given response and also the consolida- 
tion of these connections. 

Ile regards the law of effect and the law of repetition 
(exercise) as well as the law of readiness as the principal 
laws bearing on the formation and consolidation of connec- 
tions between stimuli and responses. 

Thorndike places particular emphasis on the law of ef- 
fect, which he defines as follows: ‘‘When a modifiable con- 
neclion between a situation and a response is made and is 
accompanied or followed by a satisfying state of affairs, that 
connection’s strength is increased; when made and accom- 
panied or followed by an annoying state of affairs, its 
strength is decreased” (316, p. 4). He notes further: “By 
a satisfying state of affairs is meant roughly one which the 
animal does nothing to avoid, often doing such things as 
atlain and preserve it. By an annoying state of affairs is 
meant roughly one which the animal avoids or changes” 
(317, p. 50). We thus see that effects may be both positive 
and negative; the positive effect of the connection that has 
been formed refers to the point that such a connection 
leads to experiencing a state of satisfaction and of achieve- 
ment; the effect of satisfaction operates directly on the 
connection that has been formed and consolidates it. Con- 
versely, the experiencing of a disappointment and of fail- 
ures (negative effect) operates destructively on the connec- 
tion that has been formed and brings about its disintegra- 
tion. In this connection, Thorndike observes that positive 
effects operate more rapidly in forming a desired connec- 
tion than do negative effects in destroying undesired con- 
nections.! 

' The law of effect has been elaborated further in the studies of 
C. L. Hull, who refers to effect as to the gradient of reinforcement. 
Unlike in the case of Thorndike he views reinforcement not as a 
satisfying state of affairs but as a reduction in need. Thus reinforce- 
ment presupposes the existence of needs associated with the given 
connection, It is [full who systematized the theory of reinforcement 
and applied it to all forms of training (247; 248; 249). 
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The law of exercise refers to the view that the more fre- 
quent the repetition of the time sequence of a stimulus and 
the corresponding response (he more secure will be the connec- 
tion. In this connection, Thorndike emphasizes that by it- 
self a repetition of the time sequence of a stimulus and of 
a response without a subsequent positive effect (reinforce- 
ment) does not lead to the development of a connection, i.e,. 
repetition is effective only when combined with reinforce- 
ment. 

The law of readiness (or preparedness) refers to the de- 
pendence of the rate with which a connection is developed 
on the extent to which it corresponds to the subject’s cur- 
rent stale, “Every connection,” Thorndike writes, “is made 
by a particular person or mind or brain in’ a_ particular 
status” (/bid., p. 120). 

In addition to these three principles which are known 
as the “laws of learning” Thorndike lists a number of ad- 
ditional conditions that contribute to the development and 
reinforcement. of connections between external influences 
and corresponding responses. They include an awareness 
of the association of certain stimuli with cerlain responses 
and the extent to which such connections are acceptable. 
The association of stimuli with responses refers, for ex- 
ample, to the fact that they are viewed as belonging 
to a common class of objects (for example, they are 
parts of speech) or else as elements of some Jarger 
entity. 

Thorndike also indicates that the rapidity with which a 
connection is developed depends as well on the ease with 
which the stimulus is identified and the extent to which the 
corresponding response is available. 

It should) be noted that Thorndike opposes “the over- 
zealous type of behaviorist who allows human nature no 
responses save the acts of muscles and glands” /bdid., 
p. 102). He notes that the activity of neurons is not limit- 
cd to the conveying of neural currents from external sen- 
sory organs to external molor organs. They also possess 
their internal life: they create internal connections among 
themselves and among images, ideas and [eelings brought 
about by their behaviour, but while he recognizes 
the reality of the psyche Thorndike does not consider 
it in his analysis of education which he limits to the 
framework of  stimulus-response-reinforcement. The rele- 
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vance of the psyche to the formation of connections is not 
shown and is not considered, The psyche remains an in- 
ternal process that proceeds in parallel to neural activities 
and is not linked to the subject’s behaviour in any way; 
ils function remains unknown. Such an interpretation of 
the psyche does not diller in any way from that of the ear- 
lier subjective-idealistic psychology. 

The laws of learning listed by Thorndike constitute the 
foundations of all theories of learning in contemporary be- 
haviourism; researchers representing its various branches 
relate their analysis of any Waining of animals or educa- 
tion of persons to the scheme “stinulus-response”, 

The dillerences between individual branches of behav- 
iourism relate to the manner in which individual princi- 
ples of training are understood as well as their role in the 
process in which connections between stimuli and responses 
are formed and reinforced. ‘They also relate to the nature 
and role of certain additional conditions. 

in particular, there exist three different points of view 
concerning the role that is attributed to the law of elfect 
(the principle of reinforcement). Some representatives of 
the behaviourist approach to education (Thorndike, Hull, 
and others) consider thal training is not possible without 
reinforcement and the positive elfect that is experienced by 
the learner as a result of the required response.' ‘hat elfect 
is described as a weakening of attraction, a consequence 
salislying the organism, success, satisfaction, reward (309). 

4A second group of behaviourists (K. Tolman, KE. R. Guth- 
rie, and others) consider that reinforcement is by no means 
required for learning. Instead they emphasize the proximity 
of stimuli and responses. 

A third group of psychologists (B. I. Skinner, G. Raz- 
ran, and others) adhere to an intermediate point of view; 
they consider that two dillerent types of training exist, 
namely, one that is based on the law of effect and another 
that is based on the law of proximity for which reinforce- 
ment is not required. 

Skinner, who is the founder of programmed learning, is 
thus a representalive of one of the schools of contemporary 


' Unlike Hull, Thorndike belicved that it was possible to learn 
without relying on the law of effect even though in general he 
altributed to the laller a decisive importance. 
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behaviourism. THis conception of learning is also based on 
the principles indicated by E. Thorndike. 


2. Specific Characteristics 
of B. F. Skinner’s Theory of Learning 


As a positivist Skinner generally opposes all theories of 
learning and proposes to develop the teaching process on 
the basis of experience. He asserts that theories usually 
lead to a waste of time and to confusion. When facts are 
fully in order, he writes, theories have a tendency to van- 
ish. It is Skinner's view that psychological research must 
be carried out in terms of a functional description of di- 
rectly observable facts (299). 

Nevertheless, an analvsis of the principles that he pro- 
poses for programming the process of learning shows that 
they are based on behaviourist theory. As in the case of 
other behaviourists one finds in Skinner’s view of human 
learning an orientation on biology. It is as a result of ex- 
periments in training animals that he has formulated all 
his basic principles of education: initially Skinner worked 
with rats (1938), and later with pigeons (1948). ITis basic 
method in working with animals was to gradually guide 
them towards a specified response.! 

This is one of the experiments with pigeons. First the 
weight of the pigeon is reduced to 80 per cent of its initial 
value and aftor that it is fed once every 24 hours. The 
pigeon is placed in a cage into which a dish with food is 
entered automatically. The pigeon quickly learns to approach 
the food following a sound that precedes the insertion of 
the dish. 

Following such a preliminary training the pigeon is not 
fed during a period of 24 hours preceding the experiment. 
The objective of the principal experiment is, in the present 
case, to teach the pigeon to peck at a black spot drawn on 
a while card. As soon as the pigeon accidentally looks in 
the direction of the card it is given food (to reinforce the 
corresponding response). If he then takes even one step 
in the direction of the card he receives the next reinforee- 
ment. Gradually the pigeon approaches the card. After 

' Kaclier that method was suceessfully applied by Vo Duroyv in 
training circus animals (37). 
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that the experimenter waits until it accidentally pecks the 
card and again gives him a reinforcement. In this way the 
pigeon is gradually guided tu perform the desired response, 
namely to peck at the black spot. Skinner calls such re- 
sponses operant or emitted responses. They are different in 
his view from the classical Pavlovian reflexes which he 
calls respondent or elicited (294). 

In Skinner’s view the distinction between the two relates 
to the following. First, respondents (classical reflexes) arc 
always produced by known stimuli. In the case of operant 
behaviour the stimulus to which the organism responds re- 
mains unknown. In such a case the experimenter does not 
produce a stimulus causing a response but observes the 
behaviour of the organism and when the reaction interest- 
ing him emerges accidentally he reinforces it. Operants 
may be linked with the preceding stimulus (usually this 
is what does occur), but in Skinner’s view that stimulus 
serves merely as an occasion for an operant behaviour and 
not as a cause for the response. 

Second, in developing respondent behaviour reinforce- 
ment is associated with the stimulus (Skinner calls such 
responses behaviour of Type S). A conditioned stimulus is 
given simultaneously with the unconditioned; a connection 
between the conditioned stimulus and the response emerges 
as a result of the principle of contiguity, namely, as a 
result of the temporal contiguity of the conditioned stimu- 
lus and the response. In such cases the unconditioned stim- 
ulus is given independently of whether the organism res- 
ponds to the conditioned stimulus or not. It is employed 
in order to activate the desired response which is sub- 
sequently associated with the conditioned stimulus. 

In the case of operant conditioned reflexes reinforcement 
is not given until the organism performs the conditioned 
response. In other words, in such cases it is not the stimu- 
lus which is reinforeed but the respouse (Skinner calls such 
responses behaviour of Type R). The basic law that governs 
this kind of development of behaviour is the law of effect: 
it is suceess, the consequences of responses satisfying the 
need that determine the learning. In such cases reinforce- 
ment depends on the response and the response itself pro- 
duees the reinforeing stimulus. In some cases reinforcement 
appears as a direct consequence of the conditioned response 
that is carried out (a rat presses a lever and as a result a 
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particle of food appears that it cals); in others it is mediat- 
ed by the activities of the experimenter (a pigeon pecks at 
a black spot and the experimenter gives him the dish with 
food). 

Finally, in the case of respondent behaviour (classical 
reflexes) conditioned responses represent a recreation of a 
response lo an unconditioned stimulus (the animal salivates 
following the appearance of a light signal, although ini- 
tially salivation was a response to food, namely, to an un- 
conditioned stimulus). In the case of operant behaviour 
conditioned responses do not resemble responses that follow 
the reinforcing (unconditioned) stimulus. Thus, for exam- 
ple, the pressing of a lever, or pecking (conditioned re- 
sponses) are unlike chewing and salivating (responses to a 
reinforcing stimulus). 


Skinner distinguishes sharply between these two types of re- 
flexes. He has even attempted to differentiate them in terms of to- 
pographic attributes: operants, in his view, are associated with 
skeletal muscles and are controlled by the central nervous system; 
while respondents are associated with smooth muscles and with 
glands and are controlled by the autonomous nervous system. One 
cannot agree with such a juxtaposition. A closer analysis 
indicates that both types of responses repose on the same 
principles of activities of the nervous system based on 
reflexes. An organism's response is always a response to a spe- 
cific influence. Conditioned responses always arise only in those 
cases in which the corresponding stimulus is objectively associat- 
ed with another (conditioned or unconditioned), which is of vital 
importance for the animal or for the person in question. Skinner 
is mistaken when he asserts that operant responses may appear 
without any influence on the organism. Let us return to the behav- 
iour of the pigeon. Initially, it is true that a turning of the head 
or a pecking at the spot does not have any relation to food; they 
may be produced by unconditioned orienting reflexes. In that case, 
accordingly, they are not yet conditioned reflexcs. Once the 
experimenter reinforces them with food, however, they become con- 
ditioned reflexes. In this case it is the spot that operates as a con- 
ditioned stimulus and the pecking which represents the condition- 
ed response. Without a need for food and without the presence of 
objective connections established in the course of the experiment 
between the appearance of the spot and that of food the response 
of pecking would of course not be developed. We find the same 
principles as in the development of a conditioned salivating reflex 
in response to a light or sound stimulus. The difference lies only 
in the nature of the conditioned response and in the method by 
which it is called forth. As for the nature of the conditioned re- 
sponse it is known that Pavlov selected salivation merely because 
of convenience in carrying out experiments. But in the experi- 
ments of Pavlov, too, one finds conditioned motor responses: after 


263 


the appearance of a conditioned light or sound stimulus the ani- 
mal inimediately turned its head towards the feeder. One also 
finds in the works of Pavlov descriptions indicating that some of 
the experimental animals licked the bulb that served as a condi- 
tioned stimulus (448). There is no essential difference between that 
response and the pecking at a coloured spot by a pigeon. Finally, 
Pavlov’s school also used the animal’s movements as a conditioned 
stimulus. For example, a passive bending of a dog’s paw served 
as a conditioned food stimulus: the experimenter bent the 
dog's paw and then gave food reinforcement. As a result the bend- 
ing of a paw became a conditioned signal for food. 

Skinner's distinction between respondent and operant reflexes 
on an anatomical basis is not at all persuasive: as we have seen 
motor responses may be obtained by both respondent methods and 
operant methods. The absence of a justification for distinguishing 
between these two types of reflexes has been considered both in 
Soviet literature (c.g., [5]) and in American publications (e.g., the 
book of E. J. Green, [237], Chapter Three). 


In the education of persons Skinner ascribes a decisive 
importance to operant behaviour since, in his view, man’s 
behaviour is primarily of an operant character. He associates 
acts of operant behaviour with controlled behaviour and 
respondent acts with involuntary behaviour. 

B. F. Skinner lists several types of operant behaviour: 

1) instrumental conditioning: the responses being devel- 
oped lead themselves to a reinforcement and serve as a 
means or instrument for achieving this. An example of this 
may be the behaviour of a rat in an experimental situation; 
as a rat presses a lever this causes the food to appear; 

2) teaching with the help of trial and error. For exam- 
ple, an animal may choose a correct move within a labyrinth 
leading to either food or freedom; 

3) verbal conditioning (the development of various types 
of verbal behaviour) ; 

4) the development of concepts and the sudden solution 
of problems. 

As a measure of the intensity of operant responses Skin- 
ner relies on the rate of the response. Increases in response 
rate serve as an indicator of an increased probability of 
response. 

Skinner seeks to maintain a positivist position and to 
limit himself to descriptions as a matter of principle. As a 
result he avoids statements concerning any mediating links 
that are not observable in experiments. He prefers to study 
functional relations among directly observable elements, 
such as external behaviour and the particular external in- 
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fluences on the organism that lead to a change in behaviour. 

Originally, Skinner viewed reflexes as the unit of anal- 
ysis of behaviour (294). He used that term to describe a 
connection between a specific stimulus and the correspond- 
ing response. Later he noted in a number of studies that it is 
fully justified to analyze behaviour at the level of operant 
responses. His characterization of conditioned operant re- 
sponses includes the stimulus which, in his opinion, is the 
source of the response, as well as the response itself and the 
reinforcement. Thus, the analysis of behaviour follows the 
same general behaviourist scheme: stimulus-response-rein- 
forcement. 

Similarly, Skinner fully accepts the behaviourist laws of 
learning. He attaches primary importance to the law of 
effect (the principle of reinforcement, according to Watson). 
Empirically that principle is expressed in the fact that re- 
sponses leading to success (‘‘rewards”) are reinforced and 
retained while responses leading to failure (‘“nonreward’’) 
become weaker and disappear. 

It should be noted that among those supporting the law 
of effect there are a number of views on the nature of rein- 
forcing factors and the ways in which they operate on the 
resulting connection (see, for example, Gérard de Montpel- 
lier [273]). Behaviourists define reinforcers depending on 
their effects: any stimulus is a reinforcer if it increases the 
probability of a response. The stimuli that happen to act 
as reinforcers are divided into positive and negative. A pos- 
itive reinforcer is a stimulus which, when applied following 
an operant response, strengthens the probability of that 
response. A negative reinforcer is a stimulus which, when 
removed following an operant response, strengthens the prob- 
ability of that response. (For example, a rat placed in an 
electrified cage may interrupt the electrical current by pres- 
sing a lever and thus exclude an undesired stimulus. This 
leads to a situation in which the number of times that the 
lever is pressed is increased, i.e., the operant response is 
intensified. In this case electrical current is the negative 
reinforcing stimulus.) Skinner notes that negative reinforce- 
ment should be distinguished from punishment. In_ the 
case of punishment there is not an exelusion but an inclu- 
sion into the experimental situation of an “unpleasant” stim- 
ulus. (For example, the animal carries out the operant 
response of pressing a lever. If after it has pressed a lever 
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the animal is given an electrical shock this will represent 
a punishment since in the given case the electrical shock 
contributes not to an intensification of the response but, 
on the contrary, to its attenuation.) 

Reinforcing stimuli are also divided into primary, sec- 
ondary, and generalized. The primary reinforcing stimuli 
are characterized by the fact that they produce a rein- 
forcing action without any preliminary training (an un- 
conditioned reinforcement in the terms of I. P. Pavlov). 
Secondary reinforcing stimuli are those which initially do 
not have any reinforcing effect but as a result of an as- 
sociation with reinforcers acquire such an effect (a con- 
ditioned reinforcement in terms of I. P. Pavlov). If a neu- 
tral stimulus is associated with many reinforcers, it be- 
comes a reinforcing stimulus in all those situations in 
which the latter operated; a secondary reinforcer of this 
type is called generalized. 

On the basis of experiments with animals Skinner dis- 
tinguished several reinforcement regimes. The develop- 
ment of operant responses may occur following reinforce- 
ment of each response. Under such a regime the te- 
sponse develops most rapidly, but it proves to be quite 
unstable: as soon as the reinforcement ceases to operate 
a rapid decline in the response occurs. In addition to that 
regime four others are specified, two regular regimes and 
two irregular ones. Under regular regimes reinforcement 
is given either as a reward for the organism’s execution of 
a specified number of responses (partial reinforcement), or 
else after a specific period of time (interval-oriented rein- 
forcement). In the case of irregular regimes reinforce- 
ment is not associated with a specific number of responses 
nor with a specific interval of time. Experiments have 
shown that those irregular regimes are most effective 
under which the reinforcer is activated after a vary- 
ing number of responses carried out by the organism 
(229). 

While Skinner also recognizes the importance of the law 
of exercise he emphasizes that that particular law operates 
only because in the real process of learning it is not pos- 
sible to isolate the response being developed. If this were 
possible the response would develop following a single 
reinforcement (297). (That point of view is very close 
to the position of E. Guthrie [238], who also believes that 
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the development of a connection between a stimulus and a 
response is possible following a single trial. Skinner, how- 
ever, believes that yreinforeement is necessary and for 
him it is this which constitutes a single event; Guthrie, 
on the other hand, believes that a single combination at 
the moment of time of a stimulus and a response is suf- 
ficient to develop a response.) 

The so-called law of preparedness constitutes an organic 
part of Skinner’s system. Reinforcement may be effective 
only in those cases in which it corresponds to the organ- 
ism’s current state. Skinner prepares animals for experi- 
ments in the same way as did Pavlov: in experiments in- 
volving reinforcement through feeding animals are _ ini- 
tially fed insufficiently. 

Aside from these basic principles of learning Skinner in- 
troduces additional ones: the principle of discriminating 
stimuli and the principle of differentiating responses. Dis- 
crimination of stimuli refers to the point that operant res- 
ponses are carried out only in situations in which specific 
stimuli are introduced into experimental situations and 
that such responses do not take place in the absence of 
such stimuli. (For example, a rat presses a lever only fol- 
lowing three light signals). The differentiation of responses 
refers to the point that given a specific stimulus the 
animal produces an operant response whose form and 
intensity are rigorously defined. For example, it is pos- 
sible to teach a rat to press a lever with a specified inten- 
sity or else to hold the lever over a specific period of time. 
An ability to discriminate stimuli and to differentiate re- 
sponses is attained by a specific regime of reinforcement: in 
the development of an ability to discriminate, it is attained 
only in those cases in which the animal responds to spe- 
cific stimuli (or else to their properties); in the case of 
the differentiation of responses, it occurs only in situations 
in which the animal produces a response of a specified 
type (294). 

As we see, Skinner’s theory of learning is a typical be- 
haviourist theory and it does not differ in any respect from 
that of Thorndike with regard to fundamentals. In ana- 
lvzing Skinner’s approach to learning E. QR. Hilgard wrote: 
“Skinner’s operant conditioning is a development more 
along the lines of Thorndike’s learning by selecting and 
connecting under the law of effect” (239, p. 82). 
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Skinner carries over the finding of studies of operant 
behaviour of animals to persons (295) since he does not 
see any qualitatively specific properties in human learn- 
ing. As does Thorndike Skinner views a shift from animals 
to humans merely as a quantitative complexification in 
behaviour. In one of his studies he writes: ‘Comparable 
results have been obtained with pigeons, rats, dogs, mon- 
keys, human children, and most recently... with human 
psychotic subjects. In spite of great phylogenetic difference, 
all these organisms show amazingly similar properties 
of the learning process” (301). Skinner states explicitly 
that the greater part of knowledge on the process of learn- 
ing is obtained by studying the behaviour of lower or- 
ganisms. But these results, he continues, are applicable 
to the human organism as well. In his book Science and 
Human Behavior (295) all major data relate primarily 
to experiments with rats and pigeons. And although later 
he has carried out experiments on human subjects, Hil- 
gard rightly observes that he extends his theory to the 
sphere of human learning in terms of analogies rather 
than on an experimental basis (239). 

In Skinner’s view the only element that distinguishes 
human behaviour from that of animals is speech. But 
since, in his view, verbal behaviour is governed by the 
same principles as other acts of operant behaviour it 
must be analyzed and developed in accordance with the 
same framework (296). 

Skinner analyzes the process of human learning in 
terms of the concepts of behaviour as well. He defines the 
objective of education as the acquisition of a preprogram- 
med system of external responses or, in Skinner’s termi- 
nology, of a behaviour set. 

Since he considers human learning to differ from that 
of animals only in that it may occur at a verbal level a 
system of verbal (speech) responses must be defined in 
specifying the objectives of human education: correct ans- 
wers to questions, recitation of texts, the solution of prob- 
lems, etc. In this connection he calls for a precise speci- 
fication of the system of responses that we wish to obtain 
from the student at the end of the education process. Thus, 
for example, in learning the French language the student 
must: 1) repeat phrases with a good pronunciation; 2) read 
texts in accordance with rules; 3) write a dictation in 
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French; 4) find required words in a dictionary; 5) to find 
subjects and other parts of sentences; 6) to state instruc- 
tions in the French language, etc. (300). 

These complex acts of behaviour may be subdivided into 
elementary acts and individual operant responses. But no 
matter how one divides them, in Skinner's system the goal 
of education must be represented as a set of external acts 
of behaviour. The nature of internal psychic activities lead- 
ing to that behaviour is not taken into account. The cor- 
rectness of the specified external responses is the only in- 
dicator that is necessary to establish a state of knowledge 
acquisition. This typically behaviouristic indicator of learn- 
ing is employed by Skinner as a basis for developing prin- 
ciples for programming the learning process. 


§ 3. Skinner’s Principles 
for Programming the Process 
of Learning 


Skinner bases his analysis on the correct proposition that 
behaviour may be learned only by correctly performing the 
corresponding behaviour; action may be assimilated only 
through acting. One cannot object to this: this is the gen- 
eral form of the principle of active teaching that everyone 
accepts. But as a true behaviourist and positivist Skinner 
considers that it is possible to take into account in action 
and in behaviour only those elements that are directly ob- 
servable and as a result action is reduced in his work to 
external motor responses while behaviour is reduced to their 
sum. 

As a result of this the criterion of active performance in 
the process of instruction is reduced to external responses. 
As T. V. Gabai correctly observes, B. F. Skinner “rejects 
as a matter of principle the greater hidden part of the 
‘iceberg’ representing teaching activity and considers only 
the visible part, namely, the externally expressed final link 
of that activity” (31, p. 18). 

External responses are merely an element of behaviour. 
Moreover, they may, in fact, relate to fundamentally dif- 
ferent types of behaviour. Accordingly, the guidance of ex- 
ternal responses does not represent a regulation of actions 
while the development of a set of external responses does 
not represent the development of behaviour. That, however, 


269 


= our own point of view. As for Skinner's position, it log- 
ically requires thet) @mphasis be placed on external re- 
sponses, This is why all the principles of programmed learn- 
ing proposed by Skinner relate to the solution of two 
problems, mamely, achieving a desired external response 
and its reinforcement. In order to achieve this he relies on 
the same method of guiding with the help of which he has 
heen successful in training pigeons and rats (301). The 
principles for programmed learning that are employed by 
Skinner represent a transfer of findings obtained in exper- 
iments with animals. : 

The only specification mentioned by Skinner that reflects 
the specific properties of teaching human beings is an em- 
phasis on the importance of logical rigour and consistency 
in the presentation of learning materials. 

All other principles that he proposes follow directly from 
the behaviourist laws of learning established in experiments 
with animals. 

The complex behaviour that is to be obtained at the end 
of the learning process cannot develop in a final form im- 
mediately and must therefore be developed in steps, by in- 
dividual clements. In this connection Skinner emphasizes 
that each step must be sufficiently simple so that students 
may perform it without errors. He particularly emphasizes 
that learning must proceed without errors. He attributes 
this to the fact that in learning we always seek to develop 
particular acts of behaviour and they must be correct from 
the first. The performance of incorrect responses may lead 
to a weakening of correct ones or even to a reinforcement 
of erroneous responses instead of the desired ones. This is 
why he considers that learning must be easy and must make 
it possible for students from the first to carry out desired 
responses. 

The desired size of a step is found empirically. It is on 
the basis of experience that a sequence of steps is defined 
and then verified. If in carrying out these steps students 
perform more than five per cent errors it is considered that 
the learning programme is difficult. It is then simplified and 
again verified. [In this way the desired programme is grad- 
ually found. 

As a result cach subject being studied is divided into 
thousands of small segments (frames, fragments). (A course 
in plane geometry, for example, programmed by EE. B. 
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Curtis in accordance with Skinner’s system contains more 
than 11,000 frames [221].) 

The subdivision of the learning process into small steps 
is the first programming principle defined by Skinner. It 
is intended to make possible from the very first a correct 
execution of programmed responses. That is also the objec- 
tive of a second principle, namely, the presence of a sys- 
tem of prompting within the learning programme. 

Initially the desired response is given to the students in 
a prepared form (the maximal prompting level), then indi- 
vidual elements are omitted (a gradual attenuation of prompt- 
ing), and towards the cnd a completely autonomous exe- 
cution of responses is expected (the removal of prompting). 
For example, in the assimilation of a concept the corre- 
sponding definition is initially given in a full form, then 
with an omission of a single most easily recalled word, then 
with omissions of other words which are more difficult to 
recall. After a number of such frames students must repro- 
duce the corresponding definition fully without assistance. 
Similarly, in the memorization of a poem a four-lined poem 
is initially given fully, then with an omission of a single 
word, then two words and then an entire line. After several 
frames the student is shown four broken lines instead of 
the initial poem. He is then expected to reproduce the en- 
tire poem without assistance. 

The attention of persons designing programmes is direct- 
ed entirely at providing for a correct filling of omitted 
words. As for what takes place in the minds of students 
and whether they understand the contents of the segment 
in which they enter omitted words, this remains unknown. 
In particular, the fact that a student may correctly enter 
omitted words in the definition of a concept may merely in- 
dicate that he has memorized the definition. But a knowl- 
edge of a definition, as is well known, does not at all in- 
dicate that the concept has been assimilated. That knowl- 
edge may be purely formal without any understanding of 
the system of essential attributes that underlie it and with- 
out any ability to apply it. 

As for the second task, namely, the reinforcement of re- 
sponses this is achieved in programmes of the Skinner type 
primarily through an immediate reinforcement of each cor- 
rect step (applying the law of effect). It is Skinner’s view 
that an insufficient number of acts of reinforcement or else 
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their inadequateness or poor timing represent one of the 
mnajor defects of existing teaching practice. Distant objec- 
lives of education mentioned to students cannot serve as 
active reinforcements. Tt is necessary to develop a system 
a! reinforcements that can be directly included into the 
behaviour of students and stimulate desired forms of be- 
haviour, Skinner notes that human behaviour changes un- 
der the influence of even small achievements: a greater un- 
derstanding after certain doubts, or simply the possibility 
of moving further after having mastered one of the opera- 
lions of an action, ALL this operates as a positive stimulus 
in the learning process. 

AL the same time Skinner notes that correct types of 
reinforcements are nol always easily found (301; 300). Pro- 
grammes constructed on the basis of the principles defined 
by Skinner employ verbal forms of encouragement as rein- 
forcoments, and displays of examples that make it possible 
to confirm the correctness of one’s own answer. Small and 
easy doses of matorial make it possible for students to fre- 
quently confirm to themselves that their answers are cor- 
reckh and to frequently oxperience their successes. Skinner 
believes that this not only forces correct answers but also 
creates one’s readiness lo proceed further. tn this way 
the requirements of the daw of readiness are carried 
out, 

In ordor to achieve reinforcement elements that are omit- 
tod in individual framos of a programme (in the course of 
learning with the help of programmed textbooks) are either 
placed below individual frames or else beside them or 
on the following page. Following their formulation of omit- 
led soctions (the construction of answers) students are ex- 
poctod to compare their answers with the one presented in 
the programme, In executing programmes with the help of 
boaching machines the machine displays the answer im- 
nodiately after the corresponding response is carried oul by 
the student. 

Froquent repetitions are also employed in order to rein- 
force responses (the requirement of the law of repetition). 
For oxample, in a course of plane geometry programmed by 
Ii, Curtis (221) framos carrying definitions of concepts and 
proofs of thoorems are repeated tens of times. Even the 
rule for denoting angles is repeated more than twenty times 
during the first 500 stops. 
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Thus, the Skinner approach to programming is based on 
a typically behaviourist conception of learning. Prograimn- 
mes that are constructed on the basis of the corresponding 
principles represent a long sequence of small frames con- 
taining specilic information on the subject being studied. 
Each frame contains omissions, either several letters or a 
word or several words. The problem is only to fill in the 
omissions either independently or with the help of prompt- 
ings. The requirement that all responses be written (‘“con- 
structed”) also follows logically from the behaviourist view 
of the learning process. In this connection N. A. Crowder 
writes: ‘The student response is ordinarily a ‘constructed’ 
response, as it was early believed by the linear theorists 
that ‘thinking’ a response could not properly be called ‘be- 
haviour” (220, p. 254). After writing the omitted ele- 
ments the student is required to verify his answer 
following a display of the answer contained within the 
programme. 

Whether a student carries out a problem correctly or not 
he is expected to move to the next frame. Thus, a correc- 
tion of the programme is not envisaged. This is because 
programmes anticipate that students will proceed without 
errors. This is achieved, ag Crowder correctly notes, by re- 
ducing the level of difficulty to that of the weakest student. 
“We can produce virtually error-free programs if we are 
careful never to assume knowledge that the most poorly 
prepared student does not have” (/bid., p. 253). 

Thus, all students employing programmes designed ac- 
cording to Skinner’s principles are given the same sequence 
of frames and they must all perform the same learning steps 
(this is why the programmes are called linear: all students 
follow an identical line). The individualization of learn- 
ing refers only to the rate of progress. As for the level of 
difficulty it is the same for all students. It is true that at 
the present time some linear programmes are followed by 
different students at different levels of comprehensiveness: 
having successfully filled in a specific number of omitted 
elements students are permitted to “skip over’ a certain 
number of frames. This provides a basis for a somewhat 
greater measure of individualization and for a certain mea- 
sure of correction in the learning process. 

The fundamental shortcoming of these programmes is 
that they ignore the cognitive activities of students. Under 
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such programmes the cognitive activities remain unknown 
and are in fact not regulated. 

Unlike the classical behaviourists, Skinner is not afraid 
of psychological terms. He even refers to the need to de- 
velop thinking and attentiveness. In this connection, he 
points out that in order to develop attentiveness, for exam- 
ple, it is not sufficient to direct it to external aspects of 
the material being studied. It is his view that most audio- 
visual devices do not teach attentiveness because they 
stimulate (reinforce) students before they begin to see 
or listen. In his view thinking and attentiveness are acts 
of operant behaviour. For example, with regard to the so- 
lution of problems, he writes that the corresponding process 
does not include any new factors different from those that 
operate in the development of operant behaviour and ac- 
cordingly the teaching of thinking must follow the scheme 
of the development of operant behaviour: ‘“‘expended”’ at- 
tention should be reinforced, as well as “completed” think- 
ing (295; 297). As we see this refers at best to an 
amplification of already existing acts of cognitive ac- 
tivity. 

If one considers the approach proposed by Skinner it be- 
comes evident that in his learning programmes, he speaks 
of reinforcement only in acts of perception and memory. 
The analysis of programmes constructed both by Skinner 
himself (244) and by other authors, on the basis of the 
principles proposed by Skinner (221) shows that in order 
to fill in omissions in frames, these types of cognitive ac- 
tivity are sufficient, and thinking is not required. Accord- 
ingly, thinking activities of students are neither programmed 
nor controlled. Their development, when it does take 
place, occurs in an unorganized manner. Under such con- 
ditions the probability of acquiring rational forms of think- 
ing activity is too low. 

An analysis of programmes constructed on Skinner’s prin- 
ciples thus shows that not only do they not guarantee the 
development of new types of rational thinking activities but 
they do not require an application of already developed ac- 
tivities of this type either. A programme may be completed 
successfully only with the support of perceptive and 
mnemonic activities. In this connection, Skinner’s 
references to the need to teach thinking remain unreal- 
ized. 
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§ 4. Behaviourism as a General Basis 
for American Systems of Programmed 
Instruction 


Behaviourism underlies not only Skinner’s system of 
programming: it is the common basis of the American ap- 
proach to programmed learning. Differences in individual 
approaches relate only to specific problems associated with 
the implementation of the same general scheme of stimulus- 
response-reinforcement, and of the same laws, that of effect, 
repetition and readiness. In this connection, it should be 
noted that approaches to work in programmed learning fre- 
quently differ not in terms of the model of learning on 
which the programming of the process of assimilation is 
based but in superficial nonessential attributes: branching 
or linear programmes; selected or constructed answer; etc. 
We fully share the point of view expressed by D. J. Klaus 
who represent the American approach to programmed in- 
struction that theoretically it is more correct to distinguish 
types of programmed instruction not in terms of the at- 
tribute of linearity or the use of branching but in terms 
of the theoretical basis that they embody. 

This is why we cannot agree with L. M. Stolurow, 
Ye. I. Mashbits and V. M. Bondarovskaya when they refer 
to differences in the approaches to programming the 
process of learning of S. L. Pressey, J. G. Holland, J. Beck, 
L. J. Briggs and others (308; 98). We do not find any 
grounds for this. 

In particular, the differences between Pressey and Skin- 
ner are merely that Pressey feels it possible to teach through 
the method of trial and error, while Skinner emphasizes the 
need for an error-free process. In this connection Pressey 
relies on a selective approach to answers while Skinner re- 
commends that a construction of answers be employed. They 
also differ in the importance that they attribute to logical 
rigour and consistency in the material being studied: Pres- 
sey does not consider this requirement to be essential, while 
Skinner emphasizes its importance. The basic principles on 
which they rely in analyzing and programming the learn- 
ing process are identical (284). 

Similarly the Ruleg system developed by J. L. Evans, 
L. E. Homme, and R. Glaser also represents a concrete and 
detailed claboration of Skinner’s principles and, above all, 
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the principle, that calls for a rigorous logical order in pre- 
senting material and the principle of prompting (227). Nor 
are there any grounds for viewing the programming prin- 
ciples pruposed by J. Holland, L. Briggs, J. Beck, and 
D. Porter as distinct approaches: they are instances not only 
of the behaviourist approach to programming but of the 
system proposed by Skinner. 

In particular, Holland simply indicates additional means 
that make it possible to apply Skinner’s principles to the 
process of learning. Indeed, the content of his first prin- 
ciple is merely the requirement that the material be pre- 
sented in small doses. His second principle notes one of 
the ways to avoid erroneous answers. In this connection he 
proposes that each new word be used repeatedly in the 
programme before the student is asked to employ it as an 
element of an answer that is being constructed. The seventh 
principle as well is concerned with the avoidance of errors. 
It recommends that much care be given to the formulation 
of the material to be presented in individual frames. The 
third principle proposes that a rule be presented first and 
then an example, etc. (243). 

Similarly the programming rules of J. Beck and D. Por- 
ter are concerned with the creation of certain additional 
conditions for obtaining correct responses from students 
(203; 283). The principles proposed by these authors sim- 
ply represent a certain further development and in some 
cases simple detailed elaboration of propositions advanced 
by Skinner. 

In the case of Crowder’s branching programming (220) 
the underlying basis is still the behaviourist approach to the 
learning process. Crowder views himself as an advocate of 
differentiated psychology. But a recognition of the impor- 
tance of the student’s individual characteristics does not 
constitute a new approach and a new understanding of the 
process of learning. On this question there are no differences 
between Crowder and Skinner. Their differences con- 
cern the role of student answers in the process of learn- 
ing and the significance of individual characteristics (219). 
For Skinner an answer is a component part of the learn- 
ing process; it is produced in order to be reinforced and 
strengthened. This is why Skinner emphasizes the need for 
constructed answers which students must not merely for- 
mulate in their minds (implicit forms of answers) but write 
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in, i.e., give an explicit form of answer. An answer is a 
verbal response that from the first must be performed cor- 
rectly and then reinforced and thus strengthened. Naturally, 
under such an approach an erroneous response is undesir- 
able: it does not lead to a reinforcement of correct responses. 
And Skinner opposes erroneous responses. 

Crowder, on the other hand, views answers as a means 
for taking into consideration the individual characteristics 
of students in order to adapt programmes to each student. 
This is why he does not require that students construct 
their answers and is not afraid of errors. Nevertheless, the 
basic learning scheme employed by Crowder is constructed 
in the same way as in the case of Skinner: the objective 
of learning is to obtain a correct answer (which is a re- 
quired part of learning); it is immediately reinforced and 
serves as the only indicator of learning. The difference lies 
in that Skinner guides the student towards the correct ans- 
wer by relying, as has been noted, on a system of proce- 
dures that are identical for all students, while Crowder does 
it with the help of individualized procedures. The program- 
mes drawn up in accordance with the suggestions of Crowd- 
er provide for an individualized approach to learning not 
only by the rate of progress but by the level of difficulty 
as well. 

This is achieved by orienting the programme to better 
students and providing a problem after each frame together 
with a set of answers of which only one is correct. Insofar 
as possible, answers are selected in such a way that incor- 
rect answers include typical student errors which are known 
from past practice. 

The selected answer determines the further progress with- 
in the programme: if the student has selected the correct 
answer he receives a confirmation of the correctness of his 
selection and sometimes praise as well and passes to the 
next part of the programme. If, on the other hand, he has 
selected a false answer he will be directed to one of the 
branches of the programme, depending on the nature of 
his error. There he will receive additional explanations and 
sometimes additional problems as well before returning to 
the initial frame at which he had committed an error, and 
is again asked to select an answer from proposed alterna- 
tives. Thus. students move along the programme through 
different paths: the better ones proceed along the basic 
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system of frames while others for which that path is dif- 
ficult enter particular additional systems of frames con- 
stituling side branches in relation to the main programme. 

Crowder ignores the cognitive activities leading to cor- 
rect answers as well; he is) not concerned in the 
manner in which learning takes place and merely wishes 
lo know whether if does in fact take place. This is deter- 
mined by the correctness of the answer selected by the 
student. 

While Crowder, unlike Skinner, does not rely in_ his 
programmes on consistent application of any particular mod- 
el of learning, in fact, he implements the behaviourist 
approach to learning and develops it in accordance with the 
same scheme: stimulus-response-reinforcement. 

At the same time, the behaviourist laws of learning are 
not implemented as rigorously in the works of Crowder as 
in those of Skinner: many elements of his programming 
are based on common sense and practical experience. 
Crowder does not propose an explicitly formulated system 
of principles. “The writer of intrinsic programs is no more 
committed to any specific theory of learning than is the 
writer of any other type of expository text. The writer 
may regard good expository writing as primarily an art” 
(220, p. 252). Tt should also be noted that he finds in 
Skinner’s system an oxplicit application of the theory of 
conditioned reflexes to the human learning process and 
considers this to be a naive approach that does not cor- 
respond to the human objectives of learning. In his opinion, 
branching programmes mect the specific characteristics of 
human learning more adequately. While we agree with this 
it should be noted that the element of “humanization” in 
Crowder’s programmes does not extend beyond the frame- 
work of a behaviourist understanding of the process of 
learning since attention is concentrated on the external re- 
sponses of students whieh are in fact the objects of regu- 
lation. The cognitive activities of students are not program- 
med and their contents in the process of learning are not 
controlled. Accordingly, in this system of programming, 
as well, these activities do not appear as an object of re- 
gulation. 

While Crowder’s programmes do not guarantee the de- 
velopment of rational types of cognitive activities they im- 
pede this to a lesser extent than do Skinner’s program- 
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mes. Because of the rigour and simplicity of their require- 
ments, the latter largely limit the cognitive activities of 
students to perception and memory. Crowder’s programmes, 
on the other hand, frequently present problems that re- 
quire thinking. If students have developed the required 
procedures of thinking activity they are able to apply 
them. If they have not developed them, they may devel- 
op them accidentally by relying on additional explana- 
tions. 

Thus, by giving more freedom to students and present- 
ing to them more strict requirements than in the case of 
Skinner’s programmes, Crowder’s programmes open grealer 
possibilities for an unregulated development of procedures 
of thinking activities. 

An analysis of these approaches to programmed instruc- 
tion shows that the behaviourist approach is typical for 
programmed instruction in the United States of. America. 
Such an approach is also characteristic of many other coun- 
tries which have borrowed the corresponding principles of 
programming from the United States. The prevalence of 
the behaviouristic programmed instruction is shown not 
only by programming practice but also by approaches to 
research studies in that area. 


§ 5. Major Approaches to Research 
in the Area of Programmed 
Instruction 


Research activities in the area of programmed instruc- 
tion emphasize the following: 
1) the further development of the principles of program- 
ming learning proposed by Skinner; 
2) a search for methods to implement them; 
3) an experimental verification of the influence of the spe- 
cifications described by Skinner on the effectiveness of in- 
struction; 
4) research into unsettled problems that represent a wa- 
tershed between individual approaches to programmed 
instruction. 

Without seeking to provide a survey of studies in the 
area of programmed instruction let us consider major areas 
of research activities and the corresponding findings. 
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1. The Role of Logical eruenee 
in the Presentation ¥* 
of the Materials bie 


Skinner’s requirement that the presentation of materials 
under study be ordered logically has led to research activ- 
ilies concerned with a) developing methods for identify- 
ing the logical structure of study materials and for estab- 
lishing the way in which they should be ordered; b) a 
clarification of the influence of logical rigour in present- 
ing study material on the effectiveness of instruction. 

The development of methods for identifying logical struc- 
tures of the individual subject and for introducing ordering 
into its study has produced the Ruleg system already men- 
tioned earlier, which was proposed in 1960 by J. Evans, 
L. Homme, and R. Glaser. In accordance with that system 
rules are identified within the subject that are entered 
into a matrix that in turn defines relations among these 
rules (227). 

An analysis of these relations makes it possible to lo- 
cate the material to be studied in a logically structured 
sequence. It is assumed that study will proceed in accord- 
ance with a deductive method: initially a rule is given and 
this is followed by an example. That system also contains 
concrete instruction on the embodiment of the principle of 
attenuation of prompts in the programmes. 

Subsequently, the Ruleg system has been employed re- 
peatedly in other studies. In particular, C. A. Thomas, 
I. K. Davies. D. Openshaw and Y. B. Bird relied on that 
system in identifying principles for designing matrices of 
basic rules relating to individual subjects and for construct- 
ing so-called flow diagrams modelling the structure of in- 
dividual subjects and programmes for studying them (315). 

A reliance on the framework of symbolic logic has also 
been proposed in order to identify the logical structure of a 
subject (308). In addition, Stolurow also considers it es- 
sential to make use of such methods as the method of dis- 
tinction, the method of coincidence, the method of parallel 
changes. and the method of residue in designing the log- 
ical structure of programmes. 

Fssentially the method of distinction relates to the re- 
quirement that not only examples that illustrate the phe- 
nomenon being studied (positive examples) be included 
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in a learning programme but also examples in which this 
phenomenon is absent (negative examples). In such cases 
examples may be presented either simultaneously or se- 
quentially but their differences must be emphasized. 

The method of coincidence refers to the introduction into 
learning programmes of a sequence of examples that il- 
lustrate the concept or principles being studied. Variants 
of positive examples must be perceived in such a way that 
what is common to them, that is, the element that they il- 
lustrate must be evident to the student. 

The method of parallel changes is employed to illustrate 
the interdependence between different variables. For ex- 
ample, a number of examples may show that an increment 
in one variable leads to an increment in the value of an 
associated variable. 

The method of residue presupposes that a problem is 
posed to the student and that several ways for solving it 
are indicated that initially appear to be equally appropriate. 
With the help of the learning programme, however, the 
student gradually establishes the falsity of all solutions 
except one, namely, the “residue”. In the view of Stolurow, 
as students reach the final relation (“residue”) they ex- 
perience it as their own discovery (308, p. 63). 

Stolurow also identifies four possible types of relations 
among stimuli and responses, namely: a) one-to-one rela- 
tions; b) one-to-many relations; c) many-to-one relations; 
d) many-to-many relations. An example of the first type is 
provided by the relation between an object and its name. 
The relation of a concept of a genus to that of a species 
in which the former is a stimulus and the latter a response, 
provides an example of the second type. Conversely, if 
the species operates in the role of a stimulus and a genus 
in that of a response this will illustrate the third type of 
relation, while the fourth type is illustrated by the relation 
between the symptoms and causes of an illness. Stolurow 
also notes the importance of taking into account tho asso- 
ciative possibilities of the materials to be structured; pre- 
ceding materials may influence the study of subsequent ma- 
terial either positively or negatively. 

Another trend of research into the logical structure of 
materials being studied is aimed at identifying the in- 
fluence of the logical sequence of designing a teaching pro- 
gramme on learning effectiveness, 
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ft has been shown in some studies that, a logical order- 
ing of such materials leads to a better assimilation (232). 
Atlention has also been directed to the importance of an 
understanding by students of the principles on which the 
design of the programme is based: an identification of those 
principles and their communication to students leads to 
substantial improvements in the assimilation of materials 
(308) . 

In most studies, however, one does not find a significant 
influence of a logical ordering in the presentation of ma- 
terial on the quality of its assimilation: learning programmes 
designed in terms of a set of logically unrelated frames 
have given the same results as programmes in which 
these frames were presented in a logically ordered way. In 
particular vans, Glaser, and Homme have shown that even 
the use of the Ruleg system for designing logically justified 
programmes does not result in a greater offectiveness in 
learning (226). Similarly the experiments of K. V. Roe, 
JT. W. Case, and A. Roe have shown that the use of logi- 
cally designed sequences does not exert a_ significant in- 
fluence on either the number of errors that are recorded on 
the part of students in a process of learning or on the time 
required for studies and the number and duration of check 
tests. These authors offer the following explanation: 
in the case of instruction through unsystematized texts 
students find themselves in problem situations, their atten- 
tion becomes more acute and as a result a better assimila- 
tion is achieved than in the quiet reading of logically well- 
ordered material (290). 

Tt should be noted that these authors do not deny the role 
of understanding material in facilitating its assimilation. 
They believe that in studying disjointed fragments students 
do arrive at an understanding, but that the path leading 
to such an understanding is different from that in the case 
of studying logically sequenced programmes. 

In studying the specific characteristics of assimilating 
different sequences of frames, Stolurow has concluded that 
while different sequences frequently lead to similar results, 
they nevertheless present different requirements to the stu- 
dents: some of them call for the development of general 
intellectual abilities, while others call for specific abilities 
associated with an ability to reason within a given area of 
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Finally it has been established that the selection of a par- 
ticular sequence depends on the students’ abilities. R. F. Mager 
let students themselves decide the sequence in which 
materials should be learned. It was found that in some 
cases the sequences established by the students possessed 
common features, while in others they literally varied from 
one student to another (265). 

Thus experimental studies of the role of logical rigour 
and ordering in the presentation of matcrials for assimila- 
tion have not produced clear results. If one compares the 
groups of data thal were mentioned it may be seen that 
in fact a role was played by still another factor, namely, 
the contents of the cognitive activity carried out by stu- 
dents. 

In particular, the authors themselves explain the greater 
effectiveness of material assimilation in the case of unsys- 
tematized texts explicitly in terms of the nature of the stu- 
dents’ cognitive activities. It is not possible to understand 
the findings produced by experimental studies without con- 
sidering that factor. 


2. The Size of Instruction Steps 


A considerable number of studies is concerned with es- 
tablishing the dependence between the size of an instruc- 
lion step and the time and quality of learning. Above all 
it should be noted that the concept of the “instruction 
step” itself is interpreted differently by different authors. 
In some cases it refers to the division of materials into 
doses (frames). Naturally the magnitude of the instruc- 
tion step will be inversely proportional to the number of 
frames in the programme: when a given volume of mate- 
rial is divided into a larger number of frames, each step 
will be smaller, and converse. Such an approach to inter- 
preting an instruction step assumes that the frames are 
identical in terms of their functional significance. Usually 
such an interpretation of the step is found in the analysis 
of the programmes of the Skinner type, in which frames 
are more homogeneous than they are, for example, in the 
branching (intrinsic) programmes of Norman Crowder. 

In other cases the magnitude of an instruction step is 
determined by the relative difficulty of concepts and of re- 
lations among concepts thal are employed in the given part 
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of the material. In still a different interpretation an in- 
struction step refers to the magnitude of the answer that 
is expected (“response size”). In a fourth group of cases 
which igs associated only with programmes in which mul- 
tiple-choice answers are provided, a step refers to a num- 
ber of attempts that a student makes in arriving at the 
correct, answer. Finally some authors associate the concept 
of an instruction step with the incremental difficulty in pas- 
sing from one programme frame to another, or else, the 
extent to which promptings are reduced as one passes from 
one frame to another (263; 315; 304; 236). 

It may be seen that in the first two cases the concept of 
an instruction step is associated with stimuli, but different 
aspects of stimuli are viewed as criteria: under the first 
approach it is the external aspect of a stimulus (the length 
of the text); under the second it is the text’s content ac- 
cessible to students; in the third case the concept of an in- 
struction step is associated with responses, but the crite- 
rion relating to the size of the step remains unclear. For 
one can interpret the meaning of “response size” as a pu- 
rely external characteristic (for example, the number of 
letters that a student must enter into a frame containing 
omissions). But the response size may also refer to its de- 
gree of complexity. The fourth and fifth conceptions of an 
instruction step are associated with the way in which stu- 
dents arrive at an acquisition of knowledge, that is with 
the execution of the given response. 

The interpretation of an instruction step as the response 
size corresponds most closely to the behaviourist approach 
lo learning, for only the external response is taken into 
account. The more the number of individually-formulated 
elements into which a programmed external response is 
divided the smaller the instruction step, and the more the 
number of steps required for developing such a response. 
And conversely, the Jess the number of elements, the 
larger the instruction step, and the less the number of steps 
in developing the response. 

It is by no means always clear in experimental studies 
on the influence of the size of instruction steps precisely 
what the authors have in mind. 

In most cases that concept refers to the size of the frame 
(the number of words in a frame). Implicitly, more- 
over, it is assumed that larger frames present more knowl- 
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edge and call for a larger final verbal response. Yet it is not 
difficult to show that the number of words determine nei- 
ther the volume of knowledge contained in a portion of the 
material, nor the relative difficulty for students to acquire 
that knowledge, nor the character of the cognitive activity 
that is required by the contents of each frame. This is why 
we believe that an instruction step should not be identified 
with the number of words in a frame. It seems more ap- 
propriate to view that concept in terms of the new knowl- 
edge (ability) that is introduced into the teaching-learning 
process. Accordingly the size of the instruction step should 
be determined not by a number of words in a frame, but 
by the number of new concepts, new relations, and new at- 
tributes, that each frame introduces simultaneously into the 
teaching-learning process. 

In viewing an instruction step as a response learned by 
a student (or else as an increment in knowledge and abil- 
ities, as we would prefer to say) we may refer to it as a 
“step in knowledge acquisition” (increment in knowledge). 
Since students do not assimilate all knowledge that is in- 
troduced into the teaching-learning process, instruction 
steps will not correspond to steps in knowledge acquisi- 
tion. As for the interpretation that associates instruction 
step with the manner in which students reach the corre- 
sponding objective (increase in acquired knowledge), this 
seems to be inappropriate for it would refer to an instruc- 
tion cycle rather than a step. It seems to us, however, that 
if one views the teaching-learning process in terms of learn- 
ing, that is, of students’ cognitive activities, it is possible 
to introduce the concept of a “step in learning”. This 
should refer to a student activity carried out without con- 
trol (without feedback) over its input elements, i.e., an ac- 
tivity that is accepted as an elementary operation.' To con- 
clude, a survey of studies concerned with steps in instruc- 
tion shows that that concept is non-unique and calls for 
further discussion. 

Let us now turn to studies that are concerned with the 
influence of the size of steps in instruction on the effective- 
ness of instruction. They have shown that in most cases 


' An attribute of human elementary operations is the ability to 
perform such operations without errors. For further details, see: 
L. N. Landa, Algoritmizatsiya v obuchenti (Algorithmization in 
Instruction), (81). 
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the best resulls are produced by instruction in terms ol 
small sleps (with regard to the particular meaning of the 
concepl of a step that is employed by the corresponding 
author) (262; 225; 215). 

The best results were obtained in cases in which students 
were themselves able to regulate the size of steps. 

In a number of studies the size of steps did not influence 
outcomes, At the same time it was noted that instruction 
in lerms of small steps requires much more time than in- 
struction in terms of large steps (216; 304). In that con- 
nection the problem has been posed of establishing exper- 
imentally the optimal combination of step size and time 
expenditures that produce an effective assimilation (216). 
A number of authors have expressed the view that a sys- 
tem of small disjoined frames cannot be elfective, since 
students then do not acquire a conception of connections 
between individual elements. Ju particular, H. A. Thelen 
noles thal students must have a conception of the overall 
model, and that it must be presented to them as a reference 
(313). It is therefore proposed to employ survey tables 
in programmes in which basic formulae, basic definitions, 
and other general data are presented. It is also proposed to 
provide summaries following individual programme sec- 
tions (236). 

3. The Relative Effectivenes, 
of Different Forms and Typ es 
of Answers (Responses) 


It has been noted that in accordance with his general 
approach to instruction B. F, Skinner has insisted on the 
use of answers that are constructed and explicit, since, in 
his view, multiple-choice and implicit answers do not re- 
quire an active execution of the response that is being de- 
veloped (or else of its elements). Such answers may also 
lead to errors. Other representatives of the behaviourist ap- 
proach lo instruction, however, do not consider that require- 
ment to be essential to effective instruction. In connec- 
tion with the discussion of that problem an experimental 
study was carried out to test the significance of that re- 
quiremont. 

Comparisons of programmes with constructed and multi- 
ple-choice answers have shown that there is no significant 
difference in their effectiveness. In particular, following an 
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analysis of studies carried out by different authors, H. F. Sil- 
berman notes that in five out of seven studies concerned 
with such comparisons there was no difference in effective- 
ness. In two cases the constructed answer was more ellec- 
tive (293). But then in another study, however, carried 
out by H. F. Silberman and J. E. Coulson it is noted that 
in a number of cases an external recording of answers by 
students reduces the effectiveness of their work (217). 

A question naturally arises on the reasons for such dif- 
ferences in findings. At first it seems that they make inva- 
lid the view that instruction should be an active process: 
for whether a student designs his own answer or selects one 
from a prepared list there is no difference in the effective- 
ness of instruction. In fact, however, these findings do not 
make invalid the principle of activeness, since that prin- 
ciple refers to activities rather than to responses (ans- 
wers). Above all it is the content of that activity that in- 
fluences the effectiveness of instruction. Accordingly def- 
inite results may be obtained only through experiments 
in which the content of activities is constant while the na- 
ture of the answers is varied. That condition was not con- 
sidered in the studies, and the content of activities could 
therefore have been substantially different. Indeed, as was 
correctly observed in the literature, so-called constructed 
answers are often not associated with productive indepen- 
dent work on the part of students: frequently the student 
finds a word needed to fill in an omission in a preceding 
sentence or in an earlier frame (308). A number of studies 
also note that more time is required in the case of con- 
structed answers than in the case of multiple-choice re- 
sponses (230; 215). 

We would like to add that even the use of the term 
‘constructed answers” is by no means always justified. An 
answer always presupposes a question. But a request to 
enter omitted letters into words or else omitted words into 
sentences is not equivalent to a question calling for an in- 
dependent answer. It should also be noted that omissions 
are not based on a sufficiently clear criterion: many omit- 
ted words do not carry the specific information that repre- 
sents the subject of assimilation. It has already been noted, 
for example, that in providing for the assimilation of a new 
concept its full definition is first presented, and then a sc- 
quence of frames is produced in which each word in the 
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definition is omitted in turn. Such a logic of omissions is 
justified in a specific case, namely, when a word-by-word 
memorization of the text is desired. 

Thus such a form of answering does not itself provide 
for an active initiative on the part of students, directed at 
the object of assimilation. And conversely, the multiple- 
choice answers do not automatically impede initiatives on 
the part of students. Indeed, let us assume that a student 
is given a problem to establish the part of speech to which 
the word ‘‘whiteness” belongs. The proposed answers in- 
clude all possible parts of speech. In order to select the 
correct answer the student need not necessarily follow the 
mechanical approach of comparing all variants. He may 
carry out an act of recognition by establishing that the nec- 
essary and sufficient attributes of a noun are present in 
the word ‘‘whiteness’’. Since that activity is directed at the 
concept’s essential substance the effect of performing it 
will be much higher than that of writing down one of the 
omitted words into the definition of a noun (a constructed 
answer). 

It is not the form of the final answer that determines the 
measure of activity of students, but the nature of activi- 
ties leading to an answer. It is this which should be pro- 
grammed and regulated in the course of the instruction 
process. 

As for the second danger attaching to the multiple-choice 
answers, namely, the possibility of memorizing and subse- 
quently repeating erroneous answers, that danger, too, need 
not take place. It is real in the case of forms of instruction 
in which memory is employed as the principal means for 
assimilating knowledge, and in which there is only a con- 
cern for external responses as well as a neglect of the man- 
ner in which they are developed. Conversely, in forms of 
instruction that provide for an understanding of essential 
relations within the material being assimilated and for de- 
veloping thinking procedures that make it possible for stu- 
dents to arrive at the required answer independently the 
danger of reproducing erroneous answers is greatly re- 
duced. 

It is true that any subject contains material that may be 
assimilated only at the level of memorization. An example 
is provided by the names of the phenomena that are stu- 
died, dates, proper names, and the spelling of words that 
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do not fail under rules of orthography. In such cases er- 
roneous examples, when presented in lists of proposed ans- 
wers, represent a serious danger. Liven tlien, however, the 
multiple-choice approach may be admissible if one follows 
the following condition: that only those types of an- 
swers must be proposed that are applicable to solving prob- 
lems of the given type. The number of answers that are 
proposed must then cover all cases to be assimilated. This 
may refer, for instance, to parts of speech, members of sen- 
tences, and auxiliary verbs in the English language. An il- 
lustration is provided by the example mentioned earlier re- 
lating to the recognition of parts of speech. In such cases 
the students must remember all proposed variants (parts 
of speech). The system then contributes to such an acqui- 
sition of material. Similar problems may relate to the recog- 
nition of members of sentences. In such cases all possible 
members of sentences should be listed as proposed answers. 
Choices of this type do not carry a danger of encourag- 
ing the memorization of false answers. On the contrary, 
they contribute to more rapid assimilation of specific cases 
and do this in a systemic context. 

Similarly, the multiple-choice approach cannot produce 
any harm in cases in which none of the proposed answers 
constitute an object of assimilation. This applies above all 
to numeric and letter answers that are employed in solv- 
ing problems. 

Thus in carrying out particular types of cognitive activ- 
ities the multiple-choice answers may be effectively em- 
ployed. But since the activities that lead to a particular 
answer were not programmed in the studies under consid- 
eration and were therefore not taken into consideration, 
it remains unclear in what cases one should prefer the mul- 
tiple-choice answers and in what cases one should prefer 
constructed answers. 

A large number of studies are also concerned with the 
extent to which answers are explicit. In particular, the re- 
lative effectiveness of three types of student responses 
were studied experimentally: a) writing down omitted 
words (explicit open answers); b) a mental filling of omis- 
sions (nonexplicit hidden responses); c) the reading of 
texts without omissions (the reading of prepared answers). 

The corresponding findings have led most specialists to 
believe that it is not important to require explicit answers, 
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for it was apparent that the nonexplicit form of answers 
was equally ellective (209; 254; 233; 262). 

Moreover, a number of cases have shown that better re- 
sults are obtained when nonexplicit forms of answers are 
employed, or else when students do not provide any 
answers at all but merely read the programme (306; 
209). 

tt. I. Silberman has analyzed the findings of fifteen stu- 
dies concerned with a comparison of explicit and nonexplic- 
it answers. He notes that no difference was found in nine 
of these studies, that in four cases the outcome of assimila- 
tion was better under a nonexplicit form of answers, and 
that only in two cases was the effectiveness of explicit 
forms greater (293). It was also noted in all studies that 
the explicit form of answers calls for more instruction time 
(309; 226). 

A number of researchers, however, believe that the mea- 
sure of explicitness of answers does influence the effective- 
ness of instruction. In particular J. D. Krumboltz and 
R. G. Weisman note that the role of the form of an- 
swering was not revealed because in all these studies short 
programmes were used, possibility for errors was not 
known, and the quality of assimilation was established only 
immediately after the completion of a programme while the 
subsequent state of knowledge was not studied. In their 
studies, too, no difference was seen immediately after the 
completion of the programme. A verification after two weeks, 
however, has shown that the group that had been re- 
quired to provide answers in explicit forms was more effec- 
tive (254). 

Glaser and his co-authors believe that the significance 
of explicit forms of answers depend on such conditions as 
the probability of a correct answer. Briggs mentions the 
difficulty of the material to be studied as one of such con- 
ditions. Together with his co-authors he carried out nine 
series of experiments, in which aside from differences in the 
degree of explicitness of answers the programmes to be 
mastered had three types of difficulty. It was found that 
explicit answers increased effectiveness only in those cases 
in which the programmes were of average difficulty. In 
the case of simple programmes explicit answers led to a de- 
cline in the level of assimilation. It was also found that 
the group that was required to provide explicit answers was 
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somewhat more ellective in a test in which the content was 
close to that of the leaching frames (209). 

Stolurow and Walker (509) believe that the findings re- 
lating to the role of explicit (written) answers place 
in doubl the importance of activeness in instruction, for 
some ol the data indicate that it impedes it. lt has already 
been noted, however, thal one should not associate active- 
ness in instruction with the filling of omissions in a pro- 
granme. helen is right in noting that Skinner’s require- 
meut of activeness is too ambiguous. The decisive link, he 
adds, is that activity (activeness) of students which brings 
them to the objective of the instruction process. ‘The task of 
instruction programmes is to teach them to achieve such 
vbjectives in the best possible way. But the writing of an- 
swers (explicit forms of answers) does not always contrib- 
ute to this (313). 

{n this way studies of that requirement of Skinner as 
well have shown that it is insufficient to consider only ex- 
ternal responses, and the students’ cognitive activilies, too, 
should be considered. The role of written (explicit) an- 
swers in the instruction process is primarily determined by 
the following conditions. 

First, by the relation of answers to the students’ cogni- 
tive activities: if they represent a recording of activities 
that correspond to the objective of the instruction process 
then its writing may play a positive role. lf, on the other 
hand, the recorded activity does not lead to the specified 
objective, then explicit answers do not contribute to in- 
creasing the effectiveness of assimilation. 

Second, by the relevant stage of instruction: at the be- 
ginning of the assimilation process an external recording 
contributes to the performance of new types of activity, but 
at later stages it impedes it. 


4. The Principle of Prompting 
in Instruction 


The principle of prompting, introduced by Skinner in or- 
der to gradually guide students towards the correct answer, 
was also subjected to special studies. Promptings are 
viewed as a specific type of stimuli that increase the prob- 
ability that students will arrive at the desired answer. 
This poses the question of search for the most effective 
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types of prompting. Skinner distinguishes between semantic 
and formal prompting. Semantic promptings rely on a utili- 
zation of students’ “worldly” knowledge, while formal ones 
are based on such elements as rhymes, external associa- 
tions, aid common features in grammatical structure (302). 

The following frame from a course in physics is an ex- 
ample of a semantic prompting: “Just as smoke rises, warm 
air will also....” The student is expected to insert the 
word “rise” (263). As an example of a formal prompting 
let us turn to another frame from the same programme: 
“The higher the temperature, the faster the molecules 
move; the lower the temperature, the ... they move” 
(1bid.). A description of specific forms of both types of 
promptings is given in the studies of D. Smith (303), 
A. Lumsdaine (264), Skinner and Holland (302). 

Skinner and Holland note, for example, the following 
classification of prompts: 

a) those that are based on the relationships between ex- 
amples and definitions. Definitions are given in full while 
examples are given with omissions. Thus psychology stu- 
dents are given a definition of a reinforcement in the fol- 
lowing words: “A technical word for reward is reinforce- 
ment.” This is followed by the following sentence: “To 
reward an organism with food is to ... it with food.” It 
is assumed that the word “reinforcement” suggests the 
word “reinforce”; 

b) a presentation of initial, final or other letters from 
a word that students are expected to fill in; 

c) rhyming prompts: “5 times 5... (Response: 25); 

d) the use of well-known expressions. In such cases the 
required word is reproduced through a habitual association 
with another that is given. For example, in studying the 
concept “reflex” in a course in psychology the student is 
given the sentence: ‘‘A doctor taps your knee (patellar ten- 
don) with a rubber hammer to test your....”; 

e) the use of associations of opposite concepts. For ex- 
ample, at first a definition of a positive reinforcement is 
given. Next a formally, similar expression is employed to 
define a negative reinforcement but this time with the word 
“negative” omitted. 

Without citing additional specific types of promptings let 
us note that Skinner does not apply any limitations to either 
their form or content. In referring to Skinner’s prompt- 
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ing techniques as tricks J. Wohlwill observes with irony: 
that as in love or war all means are fair in programming if 
they lead to a correct answer (325, p. 141). 

Experimental studies of the role of prompts in instruc- 
tion have been carried out by G. A. Kimble and J. J. Wulff 
(253), S. R. Meyer (271), G. Angell and A. A. Lumsdaine 
(200), among others. As in studies of other principles 
these produced no definitive findings. 

Silberman cites the findings of twelve studies in which 
instruction without prompts was compared with instruction 
relying on prompting, namely with a procedure in which 
frames were displayed together with corresponding answers. 
It was found that in seven cases instruction was more 
effective, when prompting was employed, no differences 
were recorded in three cases, and in two cases the results 
were better when prompts were not employed (293). 

In view of most authors, however, instruction with 
prompting is more effective than without it. Its effective- 
ness especially marked in cases in which it helps avoid 
typical errors. In this connection Meyer, who studied the 
role of prompting in the assimilation of the English language, 
came to the conclusion that syntactic prompts are more 
effective than semantic prompts, while orthographic 
prompts are not effective at all (271). 

It is noted in the literature that the problem of prompt- 
ing in instruction calls for additional studies in order to 
identify both the most effective types and the necessary 
quantity and intensity of prompting (288). 

As in the analysis of the earlier groups of studies the 
ambiguous nature of the findings cannot be understood un- 
less one considers particular students’ activities. Objective- 
ly only those prompts play a positive role in the teach- 
ing-and-learning process that help students carry out activ- 
ities that correspond to the specific characteristics of the 
subject being studied and the goal of learning. 

The fundamental shortcoming of the approach that has 
been considered derives from the fact that attempts are 
only made to help responses rather than activities. It is 
possible that in some cases particular types of prompts will 
guide students to the desired activity. They will then con- 
tribute not only fo a memorization of the ready answer but to 
an understanding of the way that leads to that answer and 
will thus increase the effectiveness of the learning process. 
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5. The Principle of Reinforcement 
in Instruction 


A large number of studies are concerned with the prin- 
ciple of reinforcement, which plays a central role in the 
behaviourist theory of learning. 

According to that theory reinforcement is expected to 
carry out fwo functions, namely: a) to increase the proba- 
bility of obtaining a response; b) to create a readiness on 
the part of students for further instruction, i.e., to develop 
positive motivation for learning activities. 

In referring to the specific characteristics of reinforce- 
ment in the context of human learning Skinner observes 
that elements of reinforcement are contained in the sub- 
ject-matter itself that is being studied. “Children play for 
hours with mechanical toys, paint, scissors and paner, noise- 
makers, puzzles -in short, with almost anything which 
feeds hack significant changes in the environment and is 
reasonably free of aversive properties. The sheer control 
of nature is itself reinforcing” (301, p. 108). Skinner em- 
phasizes that taken by itself the power of reinforcement. is 
not very significant: when properly used even the weakest 
reinforcement may be effective (301). 

Tn cases in which the natural reinforcement associated 
with the properties of the object itself is insufficient, Skin- 
ner adds, it is necessary fo apply other means of reinforce- 
ment (Tbid.). In this ease, as has already been noted, he 
proposes the use of correct answers that are displayed to 
students after they have recorded their own. Since the im- 
plementation of other programming principles proposed by 
Skinner provides for a high level of probability of correct 
answers, as students cheek their answers they are gradually 
persuaded of their correctness. That, in turn, in his view, 
produces a feeling of satisfaction with the results of one’s 
activities that contributes to a consolidation of correct an- 
swers and to a readiness to proceed with further learning. 

Basing himself on findings relating to the training of 
animals Skinner has listed the requirement that reinforce- 
ments be used immediately and frequently. We asserts that 
an interval of even several seconds between an answer and 
a reinforcement reduces significantly the reinforcement. ef- 
fect. Tle considers that each step in instruction should be 
accompanied by reinforcement. “By making cach sueces- 
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sive step as small as possible, the frequency of reinforce- 
ment can be raised to a maximum, while the possibly 
aversive consequences of being wrong are reduced to a 
minimum” (/bid., p. 109). 

These requirements of Skinner are by no means shared 
by all representatives of the behaviourist approach to in- 
struction. There were many discussions concerning the prob- 
Jem of reinforcement, and they continue today. The prin- 
cipal issue concerns the very need for reinforcement. Op- 
ponents cite instances of random and latent instruction that 
occur without reinforcement. (279). 

The second problem under debate concerns the nature 
of reinforcement and its function in the learning process. 
There one finds at least three points of view. Initially the 
role of reinforcement was interpreted as an action of the 
current state of the nervous system on its preceding state, 
which is presumed to reinforce connection hetween stimuli 
and responses (3419): later the function of reinforeement 
was viewed as one of attenuating the need associated with 
reinforcing stimuli (247; 248: 249). A later point of view 
denies that reinforcement possesses a direct consolidating 
effect and interprets its function as one of either feedback 
relation, or of motivation, or both (240; 277). 

Doubts have also been expressed concerning the empha- 
sis on frequent and immediate reinforcement. Finally the 
relative effectiveness of various types of reinforcement is 
considered. 

All these problems have been reflected in experimental 
studies. Research on the relative effectiveness of various 
types of reinforcement has followed a number of approaches. 
First. comparisons were made of various types of  pos- 
itive reinforcement. In some cases the relative effect of 
“material” reinforcement (candies, money) and “ideal” 
reinforcement (praise, a knowledge that the answer is cor- 
rect) was established (281; 275). while others examined the 
role of the various forms in which a specific type of rein- 
forcement was conveyed. For cxample, in the studies of 
Moore and Smith it was found that one group of students 
compared their answers with the ones given for purposes 
of comparison and inferred that their answer was correct. 
In another group the answer was not shown to students 
but a light signal was employed to indicate to them that 
their answers were in fact correct (275). 
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Second, there were comparisons of the effects of posi- 
tive and negative reinforcement, namely of praise or con- 
demnation and of an admission of students to groups 
ranked in terms of their achievements (259). 

Finally, the basic significance of reinforcements was stu- 
died: comparisons were made of instruction activities with 
and without reinforcement (274; 275; 281; 246). 

As in the case of studies of the other principles, the find- 
ings remained unclear: not only was no significant difference 
found between various types of reinforcement, but it 
was not even established that reinforcement itself is clear- 
ly significant. Thus in the study of Homme and Glaser 
(246), students were not given correct answers with which 
they could compare their own. But this did not reduce the 
effect of instruction. They did not feel the need to compare 
their answers since they were certain of their correctness. 
In fact the study carried out by Moore and Smith (274) 
showed that students who did not receive reinforcement ob- 
tained somewhat better results than those who received 
immediate reinforcement. 

In our opinion these findings should not be interpreted 
as a proof that reinforcements are not significant; they 
merely indicate that a knowledge of the correctness of 
one’s answer (or else praise) does not always perform a 
reinforcing function. The correct application of the princi- 
ple of reinforcement to human activity is not as simple and 
linear as in the case of animals. It is well known that even 
in the case of animals reinforcement is effective only in 
those cases in which animals feel a need for it (this is why 
reinforcements based on food are employed with animals 
that were previously deprived of food). 

In our opinion when it is applied to man the effective- 
ness of reinforcement depends on the relations of that in- 
fluence to the motivations and the objectives of the per- 
son’s activities. A knowledge of the correctness of one’s 
own answer may appear as a reinforcement only in cases 
in which, first, the acquisition of knowledge is used by 
students not only as an objective but also as a motivation 
for their learning activities, and second, when students are 
not certain of the correctness of their answer and require 
a feedback relation (169). Stolurow has expressed a sim- 
ilar point of view, namely, that “one condition determin- 
ing the effect of reinforcement is the extent to which the 
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reinforcing event relates to the motivation of the learner” 
(308, p. 78). 

The corresponding findings have thus shown that the 
reinforcement of responses should be distinguished from 
their confirmation (275) and that confirmation performs a 
reinforcing function only under specific conditions (211). 
In this connection some researchers carried out experi- 
ments in which together with a confirmation of the answers 
special reinforcement actions were introduced, such as gen- 
eral praise, differentiated grades, small gifts, etc. 

These experiments, too, did not lead to any conclusive 
findings. In some cases it was found that a positive rein- 
forcement (approval) facilitates the process of learning, 
while a negative reinforcement (condemnation) impedes 
it (259). Other authors have found that additional rein- 
forcing influences do not lead to increases in the effective- 
ness of instruction. Thus, for example. 200 students partic- 
ipated in an experiment carried out by IT. L. Evans. One 
half of them received only a confirmation of the correct- 
ness of their answers, while the second half was also given 
a monetary reward. No difference was found in the effective- 
ness of instruction in these two groups. Similar results 
were obtained by M. Alter and his co-authors (198), as 
well as by J. J. Sullivan and his co-authors (312). 

In fact in some of the cases students who received the 
material reward displayed a lower effectiveness in instruc- 
tion than those who received only a confirmation of the 
correctness of their answers. In particular, these were the 
findings of W. A. Hillix and M. H. Marx in teaching sen- 
somotor reactions to 60 students (241). Similar results were 
obtained by H. H. Marshall (266). 

Generally, studies concerned with a comparison of the 
effectiveness of various types of reinforcement show that 
their role in instruction may be interpreted only after their 
function in the activities of the students has been estab- 
lished. 

Thus it may he assumed that in the case of the group 
in which it was found that a monetary reward did not lead 
to increased achievements reinforcement only performed 
the function of feedback. Only such an interpretation ex- 
plains why no difference was found in groups in which 
only the correctness of answers was confirmed, in which 
monetary rewards were given and in which both took 
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place. In the first case the feedback relationship was carried 
out in a direct form, while in the second it was mediated: 
the student was not able to compare his answer with the 
correcl one, but having received a reward he interpreted 
this as a confirmation of the correctness of his answer. In 
the third case both forms of feedback were present. But it 
is sufficient for the student to have one form, and accord- 
ingly the additional element did not produce any effect. 
Furthermore, the experiments in which instruction with- 
out confirmation of the correctness of answers yielded the 
same results as instruction with such a confirmation indi- 
cate that a feedback relationship leads to an increase in 
effectiveness of instruction only in those cases in which it 
is needed by the student. In working with programmes of 
the Skinner type students generally fill in the omissions in 
frames without difficulty and do not always experience the 
need to verify the correctness of their answers; they are 
frequently certain that they are correct. Naturally under 
such conditions there is no need for feedback and accord- 
ingly its absence does not reduce the effectiveness of work. 
The corresponding experiments cannot be viewed as stu- 
dies of effective reinforcement and of the relative effective- 
ness of its various types: there is no evidence that such a 
role was actually performed by the influences being studied. 
On the contrary, the findings would appear to indicate 
that the influences did not operate as reinforcements. 
Experimental studies have been carried out to verify the 
significance of Skinner’s requirement that reinforcements 
be conveyed immediately following a student’s response. 
Skinner and his followers assert that a delay in reinforce- 
ment by only a few seconds leads to a substantial reduc- 
tion in effectiveness. In some cases, however, experiments 
have shown that even substantial delays in reinforcement 
do not reduce the effectiveness of instruction (226; 207; 
274; 311). More than 200 students of psychology partici- 
pated in the experiments carried out by L. E. Bourne and 
C. V. Bunderson. The problem was to classify a number of 
geometric figures into four classes. The work proceeded in 
accordance with the method of “trial and error’: students 
selected a figure and arbitrarily assigned it to one of the 
possible classes. Subsequently the class to which the given 
figure belonged was stated. One group of students was giv- 
en that information immediately following their answer, 
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another after four seconds, and a third after cight se- 
conds. A comparative analysis of results for each group has 
shown that there was no significant difference in the effec- 
tiveness of work in each group. 

Similar findings were obtained by P. G. Sturges, who 
compared the effectiveness of immediate reinforcement 
with reinforcement after a delay of 24 hours. No difference 
in the effectiveness of instruction was established, even 
though the test was carried out on two occasions, namely 
immediately after completing an experiment and then a 
week later. 

Other studies, however, have found that a delay in con- 
firming the correctness of an answer exerts a significant 
influence. But while some researchers found this influence 
to be negative others found it to be positive. Thus in an 
experiment carried out by R. L. Leathers in which 100 
ninth-grade high school students participated the best re- 
sults were obtained by a group in which immediate confir- 
mation of correct answers was provided (258). 

Conversely, in the experiments carried out by R. Atkin- 
son for a group of fifteen students who were asked to mem- 
orize meaningless associations. a delay in the confirma- 
tion of correct answers played a positive role (201). Simi- 
lar results were found by A. I. More (276). In the case 
of his experiments, however, the favourable influence of 
postponed confirmation of correct answers occurred when 
delays were two and a half hours and one day. Delays of 
four days produced less favourable results. 

The inconclusive nature of these data concerning the role 
of immediate reinforcement indicates that results are pri- 
marily defined by the function that reinforcing stimuli in- 
troduce into the student activities. The authors based their 
studies on the assumption that the function of that stimu- 
lus is reinforcement. As has been shown above, however, 
this is by no means always true. Accordingly such findings 
cannot be viewed as demonstrating the role of delays be- 
tween responses and the conveying of reinforcements. 

Experimental studies were also carried out to test the 
effects of Skinner’s requirement that reinforcement be ap- 
plied to cach small step. 

Ag in preceding cases the findings were not conclusive. 
According to the data of some of the authors a reinforce- 
ment of each step in instruction is not a necessary condi- 
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tion for learning: frequently the person knows that he is 
right without receiving any confirmation of the correct- 
ness of his answer from others (228; 288). G. Sax (292) 
carried out experiments in which he compared two vari- 
ants of the frequency of reinforcement: a) a reinforcement 
of every step; b) a reinforcement of only a half of the 
steps. No differences were found between the groups, either 
with regard to the number of trials required to assimilate 
a correct response, nor in terms of the number of errors 
made in verifying the quality of assimilation following the 
completion of the instruction process. 

Similar data were found in studies carried out by 
J.D. Krumboltz and R. G. Weisman (255). H. A. Thelen notes 
that even the training of rats does not require frequent 
reinforcement (343). 

On the other hand, D. C. O’Connell, who compared the 
effectiveness of instruction in the case in which every step 
was reinforced with the case in which only 60 per cent of 
the steps were reinforced, has shown that it is more effec- 
tive under the first reinforcement regime (278). 

S. C. Lublin (261), for his part. obtained the opposite 
results. His experiments are of particular interest, since 
the 219 students in the group were taught in accordance 
with the programmed textbook The Analysis of Behavior 
by Holland and Skinner (244). The first twenty-seven sec- 
tions of the textbook were employed (1,144 frames) and 
four regimes of reinforcement were compared: a) after each 
step: b) for 50 per cent of randomly selected frames: c) after 
each second frame (for 50 per cent of systematically 
selected frames); d) without any reinforcement. 

After a period of four weeks, during which studies took 
place three times a week, all students were given the same 
check test. The best results were recorded for the group 
in which the reinforcement regime was irregular. The poor- 
est results were recorded by the group in which each step 
was reinforced. According to Lublin, this indicates that 
when working with programmes of the Skinner type stu- 
dents may fill in correctly all omitted elements (perform 
correctly all required responses) without assimilating the 
knowledge presented in the frames. 

Thus conclusive results were not obtained in verifying 
the role of frequency of reinforcement either. In the litera- 
ture it is noted that this is explained by the fact that a 
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confirmation of a correct answer performs not only a rein- 
forcement function but a motivating function as well. In 
particular, it is noted that in those cases in which students 
did not doubt the correctness of their answers a conlirma- 
tion of their correctness does not perform a function of 
reinforcement but could still be important for motivating 
learning activities (226). In other words, even though a 
frequent reinforcement may not contribute to a reiniorce- 
ment of connection it may still contribute to the develop- 
ment of positive motivations for learning activities. 

Nevertheless the experiments indicate that a frequent 
confirmation of correct answers without regard for the stu- 
dent’s need for confirmation contributes neither to reintor- 
a nor to the creation of a positive motivation (343; 

Js 

Studies carried out by V. Kulic (256; 257) and S. El 
Hodarie (193), moreover, have shown that the require- 
ment that students be subjected to a systematic verification 
of answers then leads to a sharp decline in their interest 
towards their studies, that is, to a loss of positive learning 
motivation.’ It was found that the correct answer (feed- 
back) must be conveyed with due account of the actual 
performance of the student and of his need for such a form 
of control. Kulic lists four possible situations: 1) the stu- 
dent is certain of the correctness of his answer and the 
answer is objectively correct; 2) the student is not certain 
of the correctness of his answer but objectively the answer 
is correct; 3) the student is certain of the correctness 
of his answer but his answer is erroneous; 4) the student 
is not certain of the correctness of his answer and his an- 
swer is erroneous (207). Evidently in the first case there is 
no need to require that the student verify his answer. In 
all other situations this is necessary. In the second and 
third cases the feedback relation possesses a more percep- 
tible motivational function. 

In principle the confirmation of correct answers may ap- 
parently perform both a function of reinforcement and of 
feedback, as well as a motivational function. In addition 
the confirmation of correct answers may perform still an- 
other function: as Stolurow (308) has correctly observed 


' Similar findings were obtained in the studies of T. V. Gabai 
(30; 31). This is described in the next section of the present chapter. 
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in cases in which students are mistaken, the communica- 
tion of the correct answer operates as a prompt. 

With regard to reinforcement and motivation it should 
be noted that a large number of researchers express doubt 
concerning the correctness of Skinner's assertion that a pos- 
itive motivation and reinforcement are achieved by contin- 
ual success independently of its scope. In this connection 
Thelen writes that continuous success cannot operate as a 
reward. On the contrary, he writes, simple steps rapidly 
create boredom. Success should be perceptible rather than 
continuous; a particular effort on the part of students 
should be reinforced and programmes must provide for the 
possibility of risk and error. Skinner’s “steps” do not meet 
these conditions (313). A similar point of view has been 
expressed by R. Borger and A. Seaborne (206), as well as 
by R. G. Roth (291) and ‘TI’. V. Gabai (31), as well as still 
others. It is characteristic that R. G. Roth carried out ex- 
periments with instruction on the basis of a programme 
prepared by Skinner himself (244). 

The role of errors in the learning process is widely dis- 
cussed. Most authors arrive at the conclusion that a limited 
number of errors is useful in instruction: the possibility 
of failure amplifies the reinforcing action of a correct an- 
swer and contributes to the creation of a positive motiva- 
tion and also creates conditions for further progress (212; 
303; 199; 256). A large number of errors (a mass negative 
reinforcement) produces the opposite action (217; 199; 288; 
296). 

Experiments indicate that the actual relation between the 
number of errors made in the process of instruction and the 
final achievement of students is not as close as could be 
expected. In particular, a low coefficient of error in the pro- 
cess of instruction does not assure that a high level of ul- 
timate achievement will be obtained: the absence of errors 
in learning may be produced by an excessive reliance on 
prompts in the programme (288). Some researchers have 
proposed that false examples be deliberately introduced 
into instruction programmes: students must learn to see cr- 
rors and to correct. them since every sphere of knowledge 
possesses its own “traps” and sources of error (227). 

It is also noted that a certain number of errors are need- 
ed in order to regulate the learning process: they are need- 
ed in order to select a programme possessing a level of 
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difficulty that corresponds to the given student's possibil- 
ities. 

‘The role of errors in instruction calls for further studies. 
It is already clear, however, that a frequent confirmation 
of the absence of errors in student actions without consid- 
ering a number of additional factors does not solve either 
the problem of reinforcement (reward) or that of motiva- 
tion. 

‘Thus experimental tests of Skinner’s central principle, 
namely the principle of reinforcement has shown that the 
method he has proposed for implementing is not appropri- 
ale in the case of human learning. Some researchers have 
come to such a conclusion already in the early years of the 
development of the idea of programmed instruction (205). 

The key problem is to identify the conditions under which 
feedback would perform not only its inherent function but 
would also contribute to a consolidation of actions being 
developed and to the creation of positive motivation for 
learning activities among students. ‘he studies that have 
been carried out indicate that feedback performs a reinforc- 
ing function only in cases in which its content is related 
to the motivation of students for engaging in learning ac- 
tivities. Feedback also contributes to a positive learning 
motivation in cases in which it is carried out with due ac- 
count of the need of students for verifying the correctness 
of their actions and with due account of the objective suc- 
cess of their work. 

In this connection it should be pointed out that in the 
logic of Skinner’s system a comparison by students of their 
answer with constructed responses was introduced not in 
order to produce a systematic feedback relationship but for 
purposes of reinforcement. In the system under considera- 
tion that stage of instruction does not appear as a function 
of feedback: the next step in instruction does not depend 
on the correctness of the student’s answer, i.e., the informa- 
tion that is gathered on the course of the process is not 
employed for the further regulation of that process. In 
other words, while in terms of content it is a feedback rela- 
tion, Skinner seeks to employ it for purposes of reinforce- 
ment. 

The failure to distinguish between these two function- 
ally distinct elements has led to a situation in which the 
concepts “feedback” and “reinforcement” are frequently 
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employed as synonyms. This may be found in Soviet litera- 
ture (75; 91), as well as in the literature of other coun- 
tries (272; 315; 252; 231). 

Not only are feedback relations aud reinforcement in fact 
distincl in a functional sense, but they may also be dilfer- 
ent in terms of content. On the one hand, reinforcement 
may be carried out, as have been shown, in a wide variety 
of ways. The obtaining of information on the correctness 
of action is one of them. On the other hand, feedback does 
not cover all cases in which an assigned course of the pro- 
cess coincides with the existing one. That refers to only 
a specific type of feedback but it, too, operates as a rein- 
forcement only in the presence of highly specific condi- 
tions. Similarly, it is only in the presence of specific con- 
ditions that feedback may lead to a development of posi- 
tive motivations for learning activity. 

In short, not every type of feedback is a reinforcement 
and leads to the development of positive motivations for 
learning activity. But any reinforcement whether in ex- 
plicit or implicit form also operates as a feedback rela- 
tion. The efforts of researchers should be directed to a 
further study of the conditions under which feedback con- 
tributes to the development of positive motivations for learn- 
ing activity and to the reinforcement of the knowledge 
that is acquired. 


6. 'The Role of Repetition 
in Instruction 


Repetition is one of the leading principles in Skinner's 
system. That principle is generally accepted in the practice 
of teaching. Nevertheless in the sphere of programmed in- 
struction it has also led to discussions. 

First, a question on the manner of organization of repe- 
tition arose: should one repeatedly present the same frames 
or else vary their content but in such a way that each 
time the same response be required (236). Second, the cri- 
terion for frequency of repetition is not clear; the recom- 
mendations that are proposed by individual researchers are 
frequently purely empirical in nature and are sometimes 
very subjective. 

In a number of studies it was found that the repetition 
of material does not yield an additional effect in instruc- 
tion (293; 31). As an example let us consider the findings 
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obtained by Gabai (31) with regard to teaching elementa- 
ry geometry. Instruction followed a programme of the Skin- 
ner type designed by Curtis (221).1 lt has already been 
noted that identical definitions were repeated tens of times 
in that programme. Nevertheless after learning in accord- 
ance with the programme students answered only 25 per 
cent of test questions correctly. These questions were con- 
cerned with the reproduction of factual material. In addi- 
tion, 48,3 per cent of the students repeated the first 200 
frames of the programme three times, since after the first 
and second trials it was found that their knowledge of the 
programme was unSatisfactory. But even alter the third re- 
petition most of them were not able to provide satisfactory 
answers to the corresponding tests. Thus a repeated study 
of a programme providing for repeated entries of omissions 
does not increase the quality of assimilation among stu- 
dents, since it does not lead to an understanding of the ma- 
terial. This is also noted by J. W. Blyth (205), R. M. Gag- 
né and L. T. Brown (231). 

All the basic principles of programmed instruction that 
follow from a behaviourist approach to the process of learn- 
ing have thus been subjected to studies. Experimental 
studies have not actually demonstrated the significance of 
any of them. It seems to us that the ambiguous and often 
contradictory nature of the findings are explained by the 
fact that the role of each of these principles was verified 
under conditions in which the determining factor in learn- 
ing, namely, the cognitive activities of students, was not 
controlled. The fact that the latter was not fixed explains 
the variety of results that were obtained in studying the 
role of the same principle. For the same reason significant 
differences were not found between the effectiveness of pro- 
grammed instruction and traditional forms of teaching 
(307; 212; 228; 287). 

Some of the studies note that programmed instruction is 
more effective than traditional teaching. Thus, for example, 
Silberman indicates in his survey that of fifteen studies 
concerned with a comparison of traditional teaching with 
programmed instruction the experience of nine authors has 


' The experiment was carried out in 1966/67 and 1967/68 in fifth- 
grade classes of boarding schools Nos. 7 and 36, and of school 
No. 1139 in Moscow. 
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been that programmed instruction is more effective and of 
six authors that there are no differences (293). 

‘The advantages of programmed instruction were evident 
in the studies of D. Porter (252), L. Homme and R. Gla- 
ser (245), D. Cook and I. Mechner (213). 

A number of studies produced results that suggest that 
programmed instruction is less ellective than traditional 
teaching (231; 222). 

‘The ambiguous nature of the findings gathered in the ex- 
periments on the effectiveness of both individual princi- 
ples proposed by Skinner and of programmed instruction as 
a whole is also explained by the fact that not all pro- 
grammes were constructed in strict correspondence with 
the requirements of Skinner. But the principal shortcom- 
ing of these studies lies in the fact that the effectiveness of 
programmes was tested in terms of behaviourist criteria: 
that is in terms of the correctness of responses. That cri- 
terion was not sufficient, and it was necessary to establish 
whether these programmes contributed to the development 
of procedures of cognitive activities among students. This 
was the objective of a study carried out under our direc- 
tion by T. V. Gabai for a large group of students and over 
a prolonged period of time. 


§ 6. Behaviourist Programmed 
Instruction and Student Cognitive 
Activities 


Part of the course of plane geometry developed by 
E. Curtis was subjected to an experimental verification. 
That course embodied all of Skinner’s principles of linear 
programming (221). The programme was translated into 
Russian by Gabai. 

The participants in the experiment included 190 fifth- 
grade students (from boarding school No. 7 and _ school 
No. 1139 in Moscow).! The results of 29 per cent of the 
students were “excellent” and ‘good’. For 53 per cent of 


' The experiment at boarding school No. 7 was carried out in 
1966/67, and at school No. 1139 in 1967/68. This was preceded in 
4966 by an cxperimental application of the given programme in one 
of the fifth-grade classes in boarding school No. 36, which produced 
similar results. 
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the students they were “good” and “satisfactory”, while 
for 18 per cent of the students they were “satisfactory” 
and “unsatisfactory”. The experiment was carried out in 
1966/67 (two classes) and in 1967/68 (three classes). 

Each student proceeded at his own rate. Upon complet- 
ing certain sections of the material he was given a test 
included in the programme. When the level of errors did 
not exceed 30 per cent the student was allowed to proceed 
to the next programme segment.! Otherwise he was asked 
to repeat the segment. He was not permitted to repeat a 
third time. 

Curtis’ instructions were followed in applying operation- 
al check tests of assimilation. In evaluating the experi- 
ment’s outcomes additional tests that we prepared ourselves 
were also given. 

Curtis’ tests are primarily concerned with students’ abil- 
ity to reproduce formulations, definitions, etc. Our own 
tests were aimed at verifying their abilities to prove the 
simplest theorems that they had studied, their abilities to 
employ geometric symbols, to apply general mathematical 
axioms (such as “if equal numbers are added to equal num- 
bers then their sums will be equal’’); their abilities to asso- 
ciate objects with concepts and get inferences from the fact 
of an object belonging to a particular class of objects. The 
quality of these cognitive actions was evaluated in terms 
of their reasonableness, the presence of conscious aware- 
ness and level of generalization. When students carried out 
these actions correctly with an orientation on essential at- 
tributes and provided an adequate explanation their actions 
were considered to be conscious and reasonable. If a correct 
answer was given without an explanation the action was 
considered to be lacking in awareness. It could still be reason- 
able if the student’s answer was based on operations with 
essential object attributes. 

The level of generalization of actions was established by 
presenting the object in new unaccustomed situations by 
admitting ‘wide variations in its attributes and adding “ex- 
tra” attributes. The existence (or absence) of transfers to 
other concepts was verified with the help of assignments 
in which students were given only an extensive definition 


' This corresponds to satisfactory knowledge under traditional 
teaching. 
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of a new concept and were asked to associate it with a num- 
ber of specified objects.’ 

The theorem on the equality of vertical angles was em- 
ployed to verify the ability of students to carry out geomet- 
ric proofs. This proof had been studied in the earlier mate- 
rials. At first students sought to prove that theorem on the 
basis of a verbal formulation and of instructions alone. 
When they were not able to do this they would turn to the 
next page where an addition to a verbal formulation of the 
theorem, a diagram, was presented as well as a written state- 
ment of what was given and what had to be proved and 
also some prompts on the proof’s basic principle (‘‘Use the 
definition of a flat angle and the axiom: ‘If from equal 
numbers one subtracts equal numbers ...’.”). 

Let us pause to analyze the learning process. At first 
children displayed great interest in their studies and a de- 
sire to study. But already after a few days they became 
indifferent and then developed an antagonistic attitude to- 
wards assignments. In order to maintain a working dis- 
cipline within the class it was necessary to resort to extreme 
administrative measures. ” 

It was evident that the children viewed studies with 
books as tiring. At the beginning of each lesson they would 
start to study only after a delay. They paid attention to 
their text for about twenty minutes, but after that they 
found it difficult to continue studies in accordance with 
instructions. Cases of a mechanical copying of answers 
were not infrequent. 

In filling in omissions students did not always under- 
stand what they were being asked to do. They were fre- 
quently guided by the grammatical associations of words 
rather than by their meaning. For example in a sentence 
“,.. circumference is a straight line passing from the cen- 
tre to a point on the circumference” fifth-grade students 
entered the words: “In a round”, ‘A point on a”, “Around 
a’’, etc. 


' We used these assignments on many occasions in experimental 
teaching of fourth- and fifth-grade students in order to establish 
the quality of the assimilation of concepts that were developed by 
the method of stage-by-stage development of mental actions. 
These students answered them successfully. 

2 Studies were rigorously scheduled, grades were entered sys- 
tematically into class records and into each student’s daily report. 
In this way this became a required subject for each student. 


308 


The questions that were asked by students in the course 
of their studies reflected their difficulties in understanding 
the meaning of portions of the programme and their rela- 
tion with each other; most often they related to the proce- 
dure for working with programmed material or represented 
a request to explain a particular word or expression that 
was not understood. It was only infrequently that ques- 
tions related to the substance of the matter, and it was only 
in fulfilling tests (in which answers were omitted) that 
students began to ask questions on the content of the con- 
cepts being studied and on methods for proving theorems. 
When it was pointed out that they had already studied that 
material they replied that they could not recall this and 
they did not ask questions because everything seemed to 
be clear. 

During the time devoted to studies (38 lessons of 45 mi- 
nutes each) an average of 600 portions of material were 
considered that embraced elementary concepts in geometry, 
theorems and a number of axioms and postulates. 

The rate of assimilation proved to be very slow. In par- 
ticular, the average number of assignments (portions) as- 
similated during a lesson was 21 (counting repeated les- 
sons). There were significant differences among individuals 
in the rate at which programmes were completed (ranging 
from 6 to 35 portions per lesson). Some students found 
time to study more than 1,000 portions while others barely 
assimilated 200. 

The number of repeated lessons in the first part of the 
programme consisting of 200 portions was also counted.” 
Only 21 per cent of the students studied the material only 
once; 20 per cent studied it twice; 48 per cent studied it 
three times and in that third group most students continued 
to display inadequate knowledge after their test. 3 

The average number of errors after the first run through 


' It should be pointed out that most students studied these 
portions more than one time. Numerical data were collected for 
174 students; 16 students were cxcluded from the analysis for a 
variety of reasons. 

2 This part of the programme was selected because it was the 
only one that all students had time to study. 

* The remaining 20 students (44 per cent) did not assimilate 
the material cither but we do not.take them into consideration 
because they followed the programme only once or twice. For 
various reasons they could not continue their studies a third time. 
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the programme was 13.45 per cent and for the last 4.95 per 
cent which corresponds to Skinner’s acceptable level (5 per 
cent). The results of the concluding test of assimilation 
were very low. The action of associating an object with a 
concept was carried out correctly in 34 per cent of the prob- 
lems. Only 20 per cent of the students carried out that 
action in such a way as to display evidence of reasoning and 
generalization. A conscious awareness of actions was dis- 
played by 13 per cent of students. Only 10 per cent of the 
students gave evidence of transferring the action of asso- 
ciating objects with concepts to new situations. Similar re- 
sults were found in testing the action of inference. 

In carrying out these actions students displayed an in- 
ability to work with essential object attributes. In the over- 
whelming majority of cases the sets of concept attributes 
were incomplete. For example, in explaining his definition 
of sunplementary angles a student wrote: “Tt is not neces- 
sary that they have a common vertex but they must have a 
common side.” Having selected an initial set of attributes 
students frequently altered it in the course of their work: 
they lost some attributes and added others. They did not 
understand that in order to associate an object with a con- 
cept it is necessary to verify the presence of the entire sys- 
tem of necessary and sufficient attributes of the correspond- 
ing concept: frequently objects were associated with a con- 
cept when they possessed only one attribute from the entire 
required system. In addition the content of concept attrib- 
utes was often incorrectly understood. For example, the 
equality of angles could mean their symmetric position, the 
equality of their sides as drawn on a diagram, and even the 
equality of the small arcs with the help of which angles 
were denoted on diagrams. 

Only three students (2 per cent) were able to prove a 
theorem on vertical angles. These results did not improve 
even when the theorem was presented a second time, to- 
gether with a diagram with headings “given” and “to be 
proved” as well as with a prompting instruction. In the 
course of arriving at a proof students confused what was 
given to them with what they were asked to prove. Some 
of them sought unsuccessfully to reproduce the steps in 
the proof indicated in the programme, while others “proved” 
the theorem by measuring angles on the diagram with 
a protractor. 
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An ability to apply axioms was found in 58 per cent of 
the cases. But only 20 per cent of the students were able 
to correctly explain their actions. 

The students’ retention of visual material was also low. 
Assignments on the recognition of geometric objects were 
carried out correctly in 60 per cent of the cases and repro- 
duced correctly in 50 per cent of the cases. 

When problems were stated in verbal form a recognition 
of attributes of corresponding geometric objects took place 
in 64 per cent of the cases and a reproduction of the re- 
quired attributes in 25 per cent of the cases. 

Similarly the results of other check tests were un- 
satisfactory. In particular, the symbols of geometry remained 
unassimilated. Most students did not designate angles 
correctly and did not read the names of these angles cor- 
rectly. They did not always distinguish clearly the funda- 
mental difference between indicated objects and the cor- 
responding symbols (29; 31).! 

Thus this programme cannot be viewed as a suitable basis 
for acquiring knowledge in plane geometry. Yet it was 
constructed in accordance with all the principles specified 
by Skinner, and in organizing the experiment all specifi- 
cations indicated by its designers were followed. In our 
experiment it led to neither a development of thinking nor 
an acquisition of knowledge of this subject matter. This is 
explained by the fact that even though students worked ac- 
tively with the programme at the lessons this activity did 
not correspond to the objective of teaching plane geometry. 
The activities of students related to searching for words 
that had to be entered into the programme. This did not al- 
ways require even an understanding of the reason why a 
given answer is correct, and as a result students frequently 
answered without being aware of the essential relations of 
objects and were guided only by verbal relations within the 
context of one or two frames. As a result the overwhelming 
majority of students at best memorized individual expres- 
sions but were not able to apply them correctly. 

An excessive subdivision of materials and frequent re- 
petitions, which were intended to facilitate assimilation, in 


' For purposes of comparison all the tests were given to sixth- 
grade students following a traditional approach to studies. For all 
problems they displayed higher indicators than those who were 
taught through Curtis’ linear programme. 
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fact produced the opposite effect. Students lost the thread 
of the argument and further repetitions created a false im- 
pression that they already understood the material, thus 
reducing their attention. Nor is it surprising that their in- 
terest in studies was low: after receiving a confirmation of 
the correctness of their answers students were not general- 
lv satisfied since they did not feel they had mastered 
the material. As a result that reinforcement “did not 
work”. 

Accordingly that programme does not provide for devel- 
oping the cognitive activity among students that is neces- 
sary in order to reflect essential, logical, and geometric re- 
lations that constitute the subject matter of this particular 
discipline. As a result this subject was not assimilated. 

Of course it is possible to cause students to remember 
the content of a subject, but in the case of mathematics 
this will not represent its assimilation. Accordingly the 
programming principles by Skinner should be applied only 
in those cases in which assimilation at the level of memo- 
tization alone is sufficient without an emphasis on mean- 
ing. In the case of human learning such cases are rather 
the exception than the rule. This means that forms of pro- 
grammed instruction that neither program nor guarantee 
the development of rational types of cognitive activities, in- 
cluding specific types of thinking (mathematical, linguistic, 
historical, etc.), cannot be effective and will not lead 
to substantial improvements in the practice of instruc- 
tion. 


§ 7. The Behaviourist Theory 

of Learning in the Light 

of Methodological and Cybernetic 
Requirements 


The biologistic approach employed by advocates of the 
behaviourist theory of learning enters into a direct con- 
tradiction with the Marxist understanding of the human 
psyche and of human activity as a whole, whose develop- 
ment and functioning is viewed as subordinate to social 
aws. 

The behaviourist theory’s neglect of the specifically hu- 
man properties is reflected in its identification of the ob- 
ject of regulation. While they correctly emphasize the role 
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of student actions in instruction advocates of the behaviour- 
ist approach to the process of learning also limit the appli- 
cation of this principle to external responses alone. It is 
the sum of external responses rather than cognitive actions 
that constitute the content of instruction objectives. As a 
consequence the corresponding regulation programmes are 
directed at reinforcing the executive parts of actions which 
operate as the object of regulation, while the cognitive ac- 
tivities, which should be the objects of regulation, are gen- 
erally unaffected. 

For, indeed, the feedback relation in such systems car- 
ries only information on the correctness of external respon- 
ses. The problem of programming the qualitatively specific 
transition states in cognitive activity is not even formulat- 
ed. At the same time the development of external responses 
is represented in purely quantitative terms, namely, 
through the principle of the attenuation of promptings: 
while initially prompts are extensive they are gradually 
decreased and eventually the responses are carried out com- 
pletely autonomously. The process of the development of 
behaviour, too, is also represented in quantitative terms: it 
is divided into a number of steps. No qualitative changes 
are taken into consideration either during the development 
of behaviour itself or in relation to individual responses: 
from the very beginning they develop in the same form in 
which instruction objectives are specified, in terms of ex- 
ternal responses and of external motion. 

If one examines such a theory of programmed instruction 
from the point of view of the regulation principle employed 
in its application it will become evident that it relies 
on the principle of “black box”. For the structure and 
transition states of the cognitive activities producing the 
specified outcome (a correct answer) remain unknown. The 
feedback relation does not convey any information concern- 
ing them. This is the principal limitation of all varicties 
of the behaviourist approach to instruction and this ex- 
plains why they differ little in their actual effectiveness. 

At first glance Crowder’s system appears to possess a 
greater degree of adaptability than does Skinner’s. Indeed, 
Skinner’s programmes only permit students to work at dif- 
ferent rates, while their content is generally identical for 
all students and the correcting influences on student re- 
sponses are not taken into account. 
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In branching programmes, on the other hand, an adapta- 
tion occurs to different levels of difficulty as well as to rates 
of progress. A systematic process of corrections is car- 
ried out that is directed at eliminating those errors that the 
students make. But such corrections are effected after the 
errors have been made (this is, therefore, the crudest type 
of regulation) and without a knowledge of the specific prop- 
erties of those activities of students that result in incor- 
rect answers. Actually, the reasons for errors is seldom 
clear, and correcting activities are insufficiently directed. 
In principle a student may arrive at correct answers through 
a purely mechanical process of comparisons. In short, the 
system of main influences, these programmes’ correcting 
operations are concerned with outcomes, i.e. external re- 
sponses rather than cognitive activities. This type of regula- 
tion does not lead to an increased effectiveness in instruc- 
tion hence one finds no significant differences in effective- 
ness in Crowder’s and Skinner’s programmes. 

A neglect of the real object of regulation, namely, the 
students’ cognitive activity, is thus the fundamental short- 
coming of all the variants of programmed instruction that 
either consciously or unconsciously embody the behaviour- 
ist view of the teaching-and-learning process. 


§ 8. Major Critiques 
of the Behaviourist Approach 
to Programmed Instruction 


From the very beginning the ineffectiveness of applica- 
tions of the behaviourist variant of programmed instruction 
in human teaching has been pointed out in American liter- 
ature. A number of studies have noted that the simple for- 
mula of stimulus-response-reinforcement is not sufficient in 
relation to human behaviour, and is too coarse for analyz- 
ing the process of learning. For exampe, Goldbeck and 
Briggs write that such a simplified view of learning ig- 
nores the actual basic determining factor in relation to the 
learning process, namely, the participating students’ psychic 
activities (“complex hidden behaviour”) (236). 

There are several branches of that criticism. First, there 
are objections to the very principle of applying to the pro- 
cess of human learning the findings obtained through the 
study of animal learning. This is viewed as having been 
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the source of many failures in applying to school situations 
methods of programmed instruction that were based on 
behaviourist theories. In this connection, Thelen writes that 
instruction seeks to activate the students’ higher mental 
processes rather than to reduce all of instruction to what 
may be attained through the lowest-leve] mental processes 
that are employed in rats, pigeons and monkeys. The ex- 
perience of teaching should be studied rather than the 
training of animals (313). 

Miller, Galanter and Pribram (272) express the same 
view, noting that rats are so much Jower than human be- 
ings that it is difficult to understand why psychologists 
consider that general conclusions relating to the structure 
of cognitive processes in rats may be transferred to man. 

The principles of programming proposed by Skinner have 
also been criticized for not providing for a development of 
thinking. It has been noted that the criterion of education 
is achievement in mental development. This includes an 
ability to discuss, to develop hypotheses and to solve new 
intellectual problems. The need to develop creative think- 
ing and the ability to transfer the attainment of knowledge 
to new conditions are particularly emphasized. Existing 
programmes not only do not provide for these requirements, 
but do not even guarantee understanding (205; 252; 231). 

Thus, J. W. Blyth emphasizes that the method of simple 
training should not be overestimated. Training that is ac- 
companied by reward leads to correct conduct of rats in a 
labyrinth. But he correctly notes that their behaviour is 
guided by the rewards alone and not by the logic of the 
Jabyrinth. Similarly, students may also be trained to give 
correct answers to certain questions, but this will not yet 
constitute a study of the subject and an understanding of 
its logic (205). 

The next aspect that is criticized then follows logically, 
namely, the use of correct answers as the criterion of effec- 
tiveness of programmed instruction. For the selection of a 
correct answer or its construction does not yet mean that 
the students have received the necessary knowledge (215). 

Thelen (314) writes that in the process of instruction the 
teacher should be interested not only in the end product 
but also in the ways through which the student arrives at 
these results. The same view of the need to develop the 
students’ cognitive activities is emphasized by Gagné and 
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Brown in their analysis of the mechanism through which 
achieved knowledge is transferred to new conditions. They 
point out that the source of a positive transfer of knowl- 
edge lies not in behaviour itself (in the correct response), 
but in the nature of mediating behaviour and in the think- 
ing activity of students (231). 

It has already been noted that Skinner considers that 
thinking is formed by the same operant scheme as other 
acts of behaviour. In defining the ideas and principles of 
programmed instruction, however, he did not view the de- 
velopment of student cognitive possibilities as one of the 
objectives. In his programme article, “The Science of Learn- 
ing and the Art of Teaching” (301) he states explicitly 
that he does not include the development of students’ math- 
ematical thinking among his objectives: his task is to 
teach them the basic rules of the given subject in the 
shortest possible period of time. 

A natural question then arises: precisely what does Skin- 
ner have in mind? He himself does not provide an answer. 
Tf one understands the basic rules of subjects only as mem- 
orizing and an ability to respond correctly under strictly 
determined conditions then programmed instruction should 
only be applied to those rare cases in which a formation of 
strict habits is needed. 

Yet, this does not appear to be the case, since both Skin- 
ner himself and his followers apply the principles that he 
advocates to the programming of practically any discipline. 
But then a comprehensive assimilation of the subject is 
not possible without a development of the corresponding 
thinking acts and abilities. Tt is fundamentally incorrect to 
separate knowledge assimilation from the development of 
thinking. The teaching-learning process requires that both 
these problems be solved simultaneously (or else neither 
one of them is solved). In particular, not a single mathe- 
matical subject can be genuinely assimilated without math- 
ematical thinking. This is not only an objective for the 
participating students but a necessary means. Mathematical 
knowledge proper always underlies individual compo- 
nents of specifically mathematical acts of thinking. But since 
these acts themselves may he developed only in specific- 
ally mathematical contexts, the process of assimilating math- 
ematical subjects and the process of developing mathe- 
matical thinking cannot be separated from each other (56; 
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07; 168). This is also confirmed by Skinner’s own program- 
mes. In particular, an experiment carried out by Gabai has 
shown that programmes that do not provide for the devel- 
opment of mathematical thinking procedures do not even 
teach students the “basic rules of the given subject’. 

In the teaching-learning process the concern for knowl- 
edge is always a concern for the particular activity that 
knowledge will serve, for knowledge does not exist in iso- 
lated form. If these activities are concerned with memory 
then knowledge will not be assimilated in terms of its spe- 
cific content and its effectiveness will be quite low. If, on 
the other hand, knowledge constitutes an element of think- 
ing activity that corresponds to the specific features of the 
subject being studied it will acquire an altogether different 
potential. 

The behaviourist approach to programming cannot lead 
to a comprehensive assimilation of knowledge, since it does 
not control the assimilation of rational thinking procedures 
and of cognitive activity generally. 

We have been primarily concerned with analyzing Skin- 
ner’s system. This is because it is the only system of pro- 
grammed instruction embodying the behaviourist approach 
to learning in a consistent manner. As a result it forms 
the most appropriate model for establishing the inherent 
capacities of the behaviourist theory of learning in devel- 
oping programmed instruction. The ineffectiveness of the 
behaviourist control of the process of learning is increasing- 
ly recognized by specialists in programmed instruction. In 
particular, A. Roe mentions that the mental efforts that 
have been applied to the development of the behaviourist 
approach have in fact been colossal in relation to the use- 
fulness of the corresponding results. And he voices a con- 
cern that this may also occur in the case of programmed 
instruction (289). Similarly following an analysis of Skin- 
ners and Crowder’s systems Thelen has concluded that the 
validity of this type of programme is both unclear and 
theoretically questionable (313). 

At the present time the efforts of many researchers in 
other countries, including the United States, are concerned 
with a search for ways to control the cognitive activities 
of students. Problems on the mental development of stu- 
dents in the process of programmed instruction were already 
emphasized in 1968 at the UNESCO seminar on_ prob- 
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lems of programmed instruction held in Varna.! In the re- 
port of G. O. M. Leith, which was the principal one on these 
problems, it was noted that ip the initial stages of pro- 
gramined instruction au emphasis was placed on instruc- 
tion objectives, the analysis of particular subjects being 
studied, and feedback. Programming methodology empha- 
sized the subject's content and ils logic. He added, however, 
that an analysis of the subject dues not indicate what stu- 
dents must do in order to arrive at specified objectives, i.e., 
what type of activities they are required to carry out. 

It is in a neglect of students’ activities that Leith sees 
the principal shortcoming of the first stage in the develop- 
ment of programmed instruction. ‘(he seminar’s participants 
unanimously agreed that the major task of the theory 
of programmed instruction is a search for ways to control 
the students’ cognitive activities. We have seen, however, 
that this cannot be done through the behaviourist approach. 
In order to solve that problem it is necessary to turn 
to other psychological theories that satisfy the require- 
ments of ellfective control of human cognitive activities. A 
UNESCO symposium held at Tbilisi, 1976, was concerned 
with the psychological bases of programmed learning. 
It showed that an increasing rejection of behaviour- 
ist principles was taking place because they had not been 
effective with regard to problems of programmed instruc- 
tion. The efforts of specialists from many countries, includ- 
ing the homeland of behaviourists, are now concerned with 
the study of processes lying between stimuli and responses 
and with developing cognitive abilities and abilities to learn 
(235). 

An intense development of cognitive psychology (250; 
208; 224; et al.) indicates that a disenchantment with be- 
haviourism has occurred in other fields of psychology as 
well. ; 


1 The work of this seminar has been described in our brochure 
(169) 
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CONCLUSION 


The idea of programmed instruction arose independently 
of the theory of control (cybernetics). However, a consis- 
tent implementation of that idea which calls for increasing 
the effectiveness of the teaching-learning process through 
control, requires that one turn to cybernetics, which studies 
the general principles governing the control of any pro- 
cess. The essence of programmed instruction lies in design- 
ing the teaching-learning process in accordance with the 
requirements of a general theory of control. 

A view of programmed instruction as an application of 
the theory of control to the teaching-learning process pre- 
supposes an elaboration of thdse psychological and peda- 
gogical foundations of control that make it possible to take 
the specific features of the given process into account. Only 
a synthesis of the general theory of control with a 
psychological theory of learning that is appropriate from 
the point of view of control theory requirements provides a 
basis for programmed instruction. Yet, an analysis of exist- 
ing studies in programmed instruction shows that, in fact, 
instead of combining these two principles—the cybernetic 
and the psychological-pedagogical ones—either only one of 
them is taken into account or, more frequently, neither is 
applied in a consistent way. 

A neglect of the specific principles that govern learning 
leads either to empiricism or to a mechanical transfer to 
the teaching-learning process of principles governing tho 
control of technical systems. A failure to understand the 
importance of a general theory of control will inevitably 
lead to an insufficient appreciation of conditions needed for 
effective control. 
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In examining learning as a type of control, one should 
first identify the process that is to be controlled and clari- 
fy ils specilic characteristics. In the present case this re- 
fers to the learning process. Knowledge is always the out- 
come of particular cognitive actions, and a control of the 
process of assimilation of knowledge may only be achieved 
through a control of cognitive actions of those who are 
taught. The following is a specific feature of the relation- 
ship between knowledge and activities: on the one hand, 
the quality of knowledge is influenced decisively by the 
nature of the cognitive activities, and on the other, in 
most cases the required cognitive activities must themselves 
develop and be perfected in the course of the assimila- 
tion of knowledge. In the present case, accordingly, it is 
the need to control cognitive activities that constitutes the 
specific feature of the control of learning. This is also the 
source of difficulty in applying a general theory of control 
lo the teaching-learning process. 

In selecting a form of control, it is necessary to consid- 
er that the function of teaching is to develop a rational 
structure for man’s cognitive activities. It follows that it 
is ineffective to control the teaching-learning process in ac- 
cordance with the outcome of assimilation since the rela- 
tionship between assimilation and the preceding cognitive 
activities is non-unique. 

In view of the complexity of the teaching-learning pro- 
cess, as well as its dependence on a number of factors, it 
also follows that a cyclic form of control is needed, based 
on feedback and a correcting system. 

Cyclic control is carried out in accordance with the fol- 
lowing procedure: a) the objective of control is specified; 
b) the initial level of the process under control is estab- 
lished; c) a programme of operations is determined provid- 
ing for the basic transitional states characterizing the pro- 
cess; d) provisions are made to convey information in ac- 
cordance with a specific system of parameters describing 
the state of the controlled process at each moment of con- 
trol (feedback) and e) the information that is received 
through the feedback channel is processed and corrective 
operations are elaborated and carried out. 

In order to apply these requirements to the process of 
knowledge assimilation it is necessary: a) to identify the 
basic elements of cognitive activity; b) to indicate the sys- 
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tem of independent characteristics that make it possible to 
describe both these elements and the overall cognitive ac- 
tivity; c) to identify the basic qualitative stages through 
which each of these characteristics and the overall cogni- 
tive activity pass as they develop. It is not possible to pro- 
gramme the teaching-learning process or to control its 
course without such knowledge. Because of this, a theory of 
learning that does not have access to such data will not be 
able to provide an effective psychological basis for pro- 
grammed instruction. 

An analysis of those learning theories that are in some 
measure related to programmed instruction indicates that 
only the theory of stage-by-stage development of mental 
actions provides a psychological model of the assimilation 
process and makes it possible to analyze the cognitive ac- 
tivity itself, which is the object of control in the instruc- 
tion process. At present, however, a leading role in the 
theory and practice of programmed instruction is played by 
the behaviourist theory of learning. It is the only model 
that is employed in programmed instruction with some de- 
gree of consistency both in the USA and in many other 
countries in which the American principles of programming 
were accepted. Differences are found only with regard to 
specific problems relating to the implementation of the gen- 
eral stimulus-response-reinforcement scheme and of the gen- 
eral laws of effect, exercise and readiness. This is shown 
not only by an analysis of existing systems of programmed 
instruction, but also by an analysis of research work in 
this area which basically proceeds along two directions: 
a) an elaboration of the principles proposed by B. F. Skin- 
ner, and a search for ways of implementing them and estab- 
lishing their validity in the teaching process; b) a study 
of the contested issues that serve as a watershed in rela- 
tion to other approaches. 

Experimental verification of the principles of program- 
ming that follow from the behaviourist approach to learning 
has not confirmed the validity of these principles. The 
ambivalence and frequently contradictory character of the 
results that such attempts at verification have produced are 
attributable to the fact that the role of each principle was 
examined without control procedures in relation to the par- 
ticipants’ cognitive activities which constitute the primary 
measure of instruction effectiveness. 
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The fundamental limitations of the behaviourist concep- 
tion of teaching derive from its exclusive concern with cer- 
tain external manifestations of teaching (stimulus-response) 
instead of a development and analysis of overall cog- 
nitive activity. There is an increasing awareness of the 
ineffectiveness of such a control of human learning. Today 
the central task of the theory of programmed instruction is 
the search for ways to control the cognitive activity of stu- 
dents. But these cannot be found unless one abandons the 
behaviourist position. 

The theory of stage-by-stage formation of mental actions 
represents a natural step in the development of Soviet psy- 
chological science. It is based on the fundamental princi- 
ples of Soviet psychology that were formulated at the end 
of the 1940s in the works of Vygotsky, Leontiev, and Ru- 
binstein and of their disciples: 1) an activities-oriented ap- 
proach to the subject of psychology; 2) a recognition of its 
integral unity with external practical activities; 3) an un- 
derstanding of the social nature of human psychic activi- 
ties. 

On the basis of these principles and of experimental data 
accumulated by Soviet psychologists, in the early 1950s 
Galperin proposed a theory of stage-by-stage formation of 
mental actions. This in turn has served as a basis for the 
subsequent development of the principles of Soviet psychol- 
ogy and, above all, this refers to the principle of an inte- 
gral unity of psychic and practical, internal and external 
activities. 

Because of its social nature man’s psychic activity is 
transmitted from generation to generation not through bio- 
logical heredity but through teaching activities and the as- 
similation by new generations of socially generated prod- 
ucts, means and types of activity. While they are initially 
assimilated in their external forms, they are then trans- 
formed into an internal psychic form. This is the essence of 
the theory under consideration. 

Such transformations proceed through a system of inde- 
pendent characteristics (parameters) and it is combinations 
of corresponding qualitative changes that constitute the 
progressive stages through which external material activi- 
ties pass in acquiring the forms of psychic activities. In the 
course of this process the external objects to which activ- 
ities relate are replaced by corresponding images, representa- 
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tions, and concepts, while the practical operations are 
transformed into mental and theoretical operations. 

The process through which new psychic phenomena are 
formed thus acquires a distinctive system of characteristics 
that reflect basic changes in psychic activity and also de- 
termine its other qualities and properties. It is in relation 
to this process that the basic transitional stages were first 
identified that reflect the progressive development of acts of 
psychic activity. Galperin’s theory thus opened the way to 
concrete psychological studies of psychic activity itself, and 
also provided a means for the development of pre-specified 
forms and types of psychic activity. 

The present conception differs fundamentally from that 
of behaviourist theory in that it is directed towards an anal- 
ysis of the assimilation process and the cognitive activities 
of the students rather than to a simple recording of the 
outcomes of this activity dependent on a teacher’s actions. 

The identification of actions as the basic unit of analy- 
sis of cognitive activities and as the central link in control- 
ling its development permits this theory to reveal the struc- 
ture of a corresponding action and of its operating compo- 
nents. It provides a system of independent characteristics 
of cognitive activity that are needed both for programming 
various types of cognitive activities and for controlling their 
development. It also provides a basis for programming the 
basic states (the basic stages of assimilation) of cognitive 
activities. 

The studies conducted by Galperin and carried out under 
his direction have made it possible to identify in all actions 
their orienting and executive parts, while with the former, 
they have made it possible to identify proper-orienting and 
controlling parts. As a result any human action may now 
be viewed as a specific form of control micro-system which 
includes a “control component” (the orienting part of ac- 
tion), a “working component” (the executive part of 
action) and a “monitoring and comparing mechanism” (the 
controlling part of action). 

It has also been established that the orienting bases of 
specific actions may be constructed in different ways, and 
experimental studies have identified the more effective types 
of the orienting basis of action. 

The development of a systems-oriented (third) type of 
the orienting basis of action makes it possible to form gen- 
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eralized procedures for cognitive activity, that provide for 
autonomy in the person's subsequent orientation in all spe- 
cific instances of particular types of objects within the 
given area of knowledge. 

In view of the constructive nature of this theory as well 
as of its effectiveness in experimental applications, it is our 
view that it provides the psychological basis that is required 
for programmed instruction. It leads to a new approach 
to programming that makes it possible to envisage the pro- 
gramming of rational types of cognitive activities and to 
specify the development of such essential characteristics 
of cognitive activity as its form, degree of generalization, 
rationality and conscious awareness. 

A reliance on the principles of control that emerge from 
that theory makes it possible to produce, during the for- 
mation of the initial scientific concepts, a course of the 
knowledge-assimilation process that differs fundamentally 
from the one that occurs in usual teaching practice. From 
the very first students orient themselves on a system of es- 
sential attributes, i.e., act rationally. Errors are few in num- 
ber and are easily corrected by the students themselves. 
The students not only act correctly, but justify their actions 
correctly as well, since they are consciously aware of their 
knowledge and abilities. They also display confidence in 
their knowledge and actions. An adherence to a number of 
conditions that were identified experimentally produces a 
high degree of generalization in the knowledge that is de- 
veloped. This is independent of the object's perceptual at- 
tributes. Finally, a control of the assimilation process makes 
it possible to form comprehensively developed mental ac- 
tions in preschool children, including all the attributes 
mentioned above. 

Aside from providing an alternative approach to the as- 
similation of concepts the control of student activities repre- 
sents a new approach to the study of that process. More 
specifically this includes: a) approaching knowledge devel- 
opment in terms of the activities that lead to them; b) fol- 
lowing its assimilation under conditions when this activ- 
ity proceeds in an organized rather than an unorganized 
manner. This is of considerable importance because it is 
only under conditions of effective contro] that the laws gov- 
erning the process of assimilation may be studied as a spe- 
cifically human way of acquiring experience. A realization 
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of the principles of control that emerge from the theory of 
stage-by-stage formation of mental actions makes it possi- 
ble to control not only the assimilation of individual mental 
actions but the procedures of cognitive activity and to devel- 
op them with pre-established qualities. 

There are grounds for believing that a systematic ap- 
proach to instruction that follows these control principles will 
enhance development as well as assimilation. Instruction 
operates as a source of development and creates new zones 
of potential development. Accordingly, changes in types 
of instruction lead to changes in types of development. 
This hypothesis is now supported by experimental data as 
well as theoretical considerations. A number of Soviet psy- 
chologists (P. Ya. Galperin, N. G. Salmina, V. P. Sokhina, 
V. V. Davydov, D. B. Elkonin, L. J. Aidarova, A. K. Mar- 
kova, V. V. Repkin and others) have carried out a series 
of novel experiments and have introduced a series of funda- 
mental changes over several years in teaching children (see, 
for example: 192; 150; 97; 122; and others). 

Particular interest attaches to prolonged research con- 
ducted under the direction of V. V. Davydov and D. B. EI- 
konin in which students in experimental schools have 
shown not only a high level of assimilation (in mathemat- 
ics, language) but also substantial advances in their level 
of thinking and in their “capacity to study”. 

At the present time these results make it possible to for- 
mulate a number of requirements that permit junior-grade 
students to assimilate scientific concepts and to apply meth- 
ods of conscious theoretical thinking rather than merely 
rely on concepts in a formal manner in solving various cog- 
nitive problems. These studies suggest that junior-grade 
students can in fact acquire far higher level of intellectual 
development than that currently accepted for a given age 
group. They have shown convincingly that study leads to 
development and to the formation of further zones of po- 
tential development. The very possibility of conducting such 
experiments is suggestive: an activities-oriented approach to 
the learning process and an understanding of the social na- 
ture of the relevant principles have simplified considerably 
the transition from laboratory experiments to school practice. 
That approach has therefore brought psychologists closer to 
the actual principles that govern human learning. 

The present theory thus offers a new and fundamentally 
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different approach to programmed instruction. This ap- 
proach produces a substantial enhancement in effectiveness 
of the teaching-learning process and contributes to meeting 
the tasks that have been set up for the Soviet system of 
education by the Communist Party and Government (see 
resolutions on problems of education in the collection: Vop- 
rosy ideologicheskoi raboty KPSS. Sbornik dokumentov 
1965-1973 [Questions Kelating to the Ideological Work of 
ve CPSU. A Collection of Documents, 1965-1973], Moscow, 
1973). 
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